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ABSTRACT
This thesis intends to examine the use of reaction time within psychopharmacology. 
Following a review of the literature, an experiment was conducted examining the 
effects of practise on the Choice Reaction Time (CRT) task utilised by the study 
centre in which this research was conducted. The results showed that there was a 
significant effect of practise on the task for both young and elderly populations.
This task was then utilised in novel testing situations, in an experiment into the 
differences in performance between smokers and non-smokers both late into the night 
and overnight. Findings showed that there were few differences of significance 
between the two study groups. This research suggested that there is no difference in 
performance ability of smokers (allowed to smoke as normal) and non-smokers when 
an occasional late night is required. A further study was then conducted, examining 
the effects of tea and coffee on this task when used in an intensive testing regime.
Four beverages were administered on each study day. A baseline for each beverage 
was taken, with further testing occurring at 10, 20 and 30 minutes post ingestion as 
well as at other, less frequent time points throughout the day. There were no results of 
significance suggesting that the doses of caffeine administered were not large enough 
to produce a significant change in performance levels, however, the doses we 
administered enabled the subjects to maintain a constant level of performance 
throughout the day, with no effects of circadian rhythm being noted.
A new reaction time task was then developed according to the theory of Hick (1952). 
This task was pilot tested in three different modes to see if  the task responded as an 
accurate measure of response latency and which modality of the task was most suited 
to measuring performance levels. These results showed that the test produced an 
increase in response latency with each increase in number of stimuli for the 
Recognition Reaction Time (RRT) aspect of the measure.
Further testing was then conducted using this task, utilising the test as a performance 
measure in the caffeine study (of above), an alcohol study (in healthy young female 
subjects) and a Ginkgo Biloba Extract (GBE) study (in healthy elderly volunteers). 
Results from all three studies showed that the increase in number of stimuli increased 
response latency. High doses of alcohol increased reaction time on this task compared 
to placebo and the low doses, however there were no differential effects of any of the 
drugs on the different levels of information processing measured by this task.
In conclusion, these data show that the traditional CRT task was unable to illustrate 
any differences in performance under fatigue in smokers and non-smokers, and also 
under low doses of caffeine from tea and coffee. When the task was modified to 
produce a reaction time test according to the theory of Hick, the effects of information 
load on recognition response speed were clear, however the drugs used in this thesis 
did not produce differential effects on the processing of information load. Future 
research using different classes of psychotropic medication has been recommended.
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1 Chapter  On e: General  Introduction  and  L iterature
R eview
1.1 Chapter Outline
This chapter examines what reaction time is. It aims to look at the physiology and 
psychology of reaction time, moving on to investigate the psychopharmacological 
uses of the measure, what it measures and why it is such a useful tool in 
psychopharmacology.
Almost all psychometrics have an element of response time in them, but tasks 
which specifically measure reaction time are examined here. This literature 
review aims to highlight the consistency between reaction time data from clinical 
trials, illustrating that the results obtained by different reaction time tests and 
study centres are replicable and thus reliable, and give possible reasons for any 
inconsistencies that are shown.
1.2 The History of Reaction Time
Bessel (1820) was one of the first scientists to measure what has become known 
as reaction time. He found that astronomers differed in the accuracy with which 
they recorded the times of stars traversing the hairline centre of their telescopes. 
He termed this difference between their timings as their ‘personal equation’. This 
began the search for lawful relationships between changes in the environment 
and the time taken to respond to them, a concept that became known as ‘reaction 
time’. Reaction time per se was first measured by Helmholtz (1850). He 
measured the speed of conduction of a frogs’ motor nerve (by stimulating the 
nerve close to the muscle and again far from the muscle), and found the latency 
of the muscular response to be longer when the nerve impulse had further to 
travel. He transferred this experimentation to human subjects, however he found 
that the method was unsatisfactory as the time occupied by the nerve was very 
short in duration whilst the whole reaction time is long and quite variable.
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Astronomers (Hirsch, 1861-1864) in Switzerland became concerned with the 
personal equation. Using a chronoscope they measured the ‘physiological time’ 
for the eye, ear and sense of touch. This measure of Simple Reaction Time (SRT) 
has remained reasonably standard ever since. Early studies of this nature were 
concerned with measuring the speed of nerve conduction, however as time 
progressed, it was realised that more than pure nerve speed was involved in 
reaction time, namely central processing.
The early studies in reaction time tried to deal with five classes of problem, most 
of which are still in existence today.
Sensory factors 
Response characteristics 
Preparation 
Choice
Conscious accompaniments.
(from Welford, 1980).
1.2.1 Sensory factors
One of the most important roles of the Central Nervous System (CNS) is to 
process incoming information in such a way that only an appropriate action / 
response is made rather than a response to every piece of incoming information. 
This is known as the complexity of the stimulus. If the subject is merely 
responding to any change in the environment, then no discrimination is involved 
in the task. If the subject is responding to a particular stimulus, then 
discrimination time has to be taken into consideration, i.e., more consideration 
has to be given to the choice reaction time setting where there are two or more 
different signals and responses.
There are three steps to reaction time, common to all five senses:
i) a physical stimulus
ii) a set of events by which the stimulus is transduced into a message of 
nerve impulses
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iii) a response to the message, often in the perception or conscious experience 
of sensations
There are four elementary attributes of a physical stimulus, which combine in 
order to make a person perceive a sensation (Tortora and Grabowski, 1993).
• modality
• intensity
• duration
• location
There are five major sensory modalities - taste, smell, touch, sound and sight, 
each of which can posses submodalities (e.g. taste can be sweet, sour, salty or 
bitter). Each nerve fibre is primarily sensitive to one type of stimulus. A reaction 
has to be made following the stimulation of one of these modalities.
The intensity of a stimulus depends upon its strength. The lowest stimulus a 
person can detect is the sensory threshold. This sensory threshold suggests that 
the neurons that detect the stimuli have to perceive the stimulus from among 
other neural noise, in order that a response can be made to that stimulus. Any 
stimulus that is of a lower intensity than the threshold will result in the subject 
being unaware of the stimulus occurring. Any stimulus with a higher intensity 
than this sensory threshold results in stimulation being experienced. Dark 
adaptation will make the subject more sensitive to a light stimulus and therefore 
can raise the threshold levels to their maximal value (Tortora and Grabowski, 
1993). As the stimulus intensity increases from the lowest level, the reaction time 
gets shorter, however there is a critical cut off level, an intensity above which the 
reaction time of the individual will get no faster (Brebner and Welford, 1980). 
Jaskowski et al (1995) reported that the increase in intensity of an auditory 
stimulus increases the force of the response, however this effect was not found 
for a visual stimulus. Dufft and Ulrich (1999) however refuted these findings 
suggesting that response speeds also decreased with the increase in intensity of a 
visual stimulus.
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The duration of a stimulus is defined by the relationship between the stimulus 
intensity and the perceived intensity. If the stimulus is presented for a prolonged 
time period, then the intensity of that stimulus decreases, a phenomenon known 
as adaptation.
The location of a stimulus refers to the place in which the stimulus occurs. There 
are two important aspects of location:
i) the ability to locate the site of the stimulus
ii) the ability to distinguish between two closely spaced stimuli
1.2.2 Response Characteristics
There have been suggestions (Lange, 1888, Freeman, 1931 and Davis, 1940; 
cited in Brebner and Welford, 1980) that muscle tension possibly facilitates 
response time. This theory suggests that muscle tension could be viewed as an 
indicator of overall cortical arousal. If this theory of muscle tension is correct, 
then, when tension is high, cortical arousal levels are also high, allowing more 
efficient decisions about the stimuli and responses so that reaction times will be 
faster. If levels of arousal and tension are low, then responses made will be slow, 
however if they are too high, the levels of neural noise may be raised, and again 
responses will be impaired. This suggestion, of arousal having a direct impact on 
performance levels (Parrott and Hindmarch, 1975), although largely founded on 
possibilities, follows the inverted “U” effect shown for the natural Autonomic 
Nervous System (ANS) response to stress (Selye, 1956). These findings show 
that when a person is responding to a stimulus under “normal” conditions, their 
reaction time and Critical Flicker Fusion (CFF, discussed fully in section 1.6.4) 
threshold levels are at a baseline measure. When the subject is placed under an 
increasing amount of stress, the CFF thresholds increase and Reaction Time (RT) 
decreases until such a point that the stress /  anxiety becomes too much and 
performance becomes impaired. Parrott and Hindmarch, (1975), found that 
arousal levels of individuals had this same inverted “U” effect on the pattern of 
responses from a complex reaction time task, as did various drug conditions.
Weiss (1965) argued against the findings of Davis (1940) suggesting that “the 
amplitude of ingrated samples, showed that higher muscle action potentials
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immediately preceding the stimulus were associated with shorter reaction times. 
These data were interpreted to indicate that facilitation of RT occurred 
peripherally”. He made a number of findings:
a) that there was an increase in RT with age
b) the use of electric shocks when responses were not made fast enough reduced 
average RT
c) Motor Reaction Time (MRT) was consistent for the elderly and the young 
regardless of the shock/non-shock condition
d) there was an optimum duration of prepatory interval of 2-3 seconds 
(prepatory interval = time from the ready signal of the subject to the onset of 
the stimulus)
e) the Recognition Reaction Time (RRT) was affected significantly by the 
duration of the prepatory interval - though MRT was not
f) Total Reaction Time (TRT) and RRT were significantly shortened in both 
groups by the shock condition (though MRT was not) and the variability of 
the response speeds was reduced
g) in both (shock and non-shock) conditions, MRT, RRT and TRT were longer 
in the elderly than the young
h) there was no differential between the measures of RT and age groups, thus 
the components are not affected differentially by age
Thus Weiss was able to conclude that reaction time variations due to motivation 
(shock), set (prepatory interval), and age are due to central rather than peripheral 
factors.
1.2.3 Preparation and Choice
The preparation for a response to a stimulus needs little explanation. In reaction 
time tasks, if a warning is given before a stimulus is presented, the response 
latency is shortened. When the duration of time between the warning and the 
stimulus is constant, a 0.3 second delay between the two is optimum.
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Choice reaction time tasks are less influenced by warnings than simple reaction 
time tasks. Many researchers have found that as the number of available choices 
increases, so too does the response time (Bonders, 1868; Merkel, 1885; Hick, 
1952; Hyman, 1953; Nickerson and Burnham, 1969; and Vickers, 1979), 
regardless of warnings given. This will be discussed fully in chapter five.
1.2.4 Conscious Accompaniments
This is the final class of problem that early studies of reaction time examined and 
is one that is rarely used in modem reaction time experiments. Psychologists used 
to require subjects to describe feelings of tension and relief before and following 
a response. Although these conscious accompaniments are rarely used these days, 
in some instances confidence levels are rated (the subjects’confidence in the 
judgements and decisions he has made).
Bonders in 1868 described three different sorts of reaction time test; a, b and c:
‘a’ was a simple reaction time task, which involved the subject to be aware that a 
stimulus had been presented in order to elicit the pre-prepared response. Thus no 
choice between responses was necessary;
‘b’ was a choice reaction time task, requiring all the processes involved in the ‘a’ 
type of task, with the addition of the discrimination of which stimulus was being 
presented. As each stimulus had a separate response, a decision had to be made 
about which was the correct response to that given stimulus;
‘c’ was a go-no go task, whereby subjects heard 5 different stimuli, but were told 
only to respond to one of them. This task has similarities with both ‘a’ and ‘b ’ in 
that the preparation for the response had been made in advance as in the ‘a’ 
condition, and stimulus discrimination was required as in the ‘b ’ condition.
Thus Bonders (1868) concluded:
discrimination time = 4c’ - ‘a’ 
choice time = ‘h* - ‘c’
Sternberg, (1969, 1975) developed a memory scanning reaction time task 
following the experimentation of Bonders (1868) and Wundt (1874). Using basic 
memory scanning as the core of his task, the subject has to scan his memory and
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compare test stimuli with his memory of those in the target set. Responses were 
timed, thus giving a reaction time or response latency for each stimulus-response . 
pair. Sternberg found that each additional member of the target set prologues the 
search by a constant amount (35-40 ms). The fastest responses were found to 
occur when the memory set is digits and the slowest response speeds were 
elicited when the memory set is nonsense syllables. Words and geometric shapes^ 
as memory sets, fall between these two classes. There are similarities between 
these findings and those of Hick, 1952; Hyman, 1953; and Merkel, 1885. 
Sternberg showed in common with these previous authors, that with increases in 
the amount of data held in the target set, response latency increased. The earlier 
authors, although using less complex experimental techniques, found that the 
response latency increased with each addition to the number of possible stimuli 
from which any one stimulus could be triggered in order to elicit a response.
The above discussion illustrates that reaction time, as a task, has been in 
existence for many years and developments to the ways in which it is measured 
have progressed and evolved with time. In almost all of the reaction time tasks 
that are currently available to researchers, different aspects of reaction time are 
measured; thus inferences about differing centres of processing can made. Most 
reaction time tasks give an overall reaction time score (total reaction time, TRT): 
This is made up of the central decision making component (recognition reaction 
time or decision time, RRT) plus the peripheral aspect of the response 
(movement or motor reaction time, MRT).
TRT = RRT + MRT
1.3 What is Reaction Time?
Coren and Ward (1989) proposed that, “the reaction time is the time between the 
onset of a stimulus (auditory, visual, gustatory....) and the subject’s overt 
response”. Cattell (1886) reinforced the theory discussed previously in the 
sensory factors section (1.2), showing that SRT has a strong relationship with the 
intensity of the stimulus: A very intense stimulus leads to a shorter response time 
(Brebner and Welford, 1980; Jaskowski et al, 1995; Dufft and Ulrich, 1999).
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Recent research into Evoked Potentials somewhat refute these findings, however 
will be discussed in more detail in section 1.4. Physiological responses that 
transpire during a reaction time result from a neuronal signal from the sensory 
receptor(s) to the brain. Motor signals from the CNS are passed to the muscle, 
and the muscle has to contract in order for the response to be made (i.e., the 
finger to move). This process was broadly named as "Information Summation" by 
Norwich et al (1989) who suggested that, following the exposure to a stimulus, 
"information begins to accumulate within the perceptual unit. When the 
summated information reaches the threshold level...reaction can take place and 
conscious sensation can occur".
Woodworth and Schlosberg (1938) suggested that reaction time is one of the 
most available response variables for experimental psychologists to measure. 
Every action takes time, and time is measurable.
Reaction time, according to Woodworth and Schlosberg (1938), involves two 
facets;
i) an index of achievement - the more completely you have mastered the 
task, the more quickly you are able to perform it (see chapter two)
ii) an index of the complexity of the task - the harder it is - the longer you 
take to complete it
When these authors discussed reaction time, they were referring to recognition 
reaction time; RRT, (the time taken to start the response not the time taken to z 
complete the response). The stimulus enters the organism and remains hidden 
until it reaches the muscles and produces an observable response (i.e., 
movement). Simple (single) reaction time (SRT) is brought to a minimum 
(following practise) of around 200 ms when the stimulus is a light, and around 
150 ms when the stimulus is auditory or touch. Sanders and McCormick (1993) 
however suggested that simple reaction time is usually found to be around 200 
ms for both visual and auditory stimuli with the rough guide 200 ± 50 being a 
good heuristic. In a two choice RT task (using lights), if the interval between 
stimuli is equal, then the subject has a greater tendency to respond prematurely 
(i.e., before the stimulus has occurred). Thus the interval between response and
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stimuli should vary from trial to trial. Klemmer (1956, 1957) showed that RT 
varies with the subject’s uncertainty about the time of stimulus occurrence, thus 
agreed that this interval between response and next stimuli must be constantly 
varied.
Bonders (1868) attempted to measure the mental processes “discrimination” and 
“choice”. He invented the disjunctive reaction time experiment, and found that 
his RT measures were around 100 ms longer than responses to a SRT task. He 
attributed this 100 ms to mental processing. RT depends upon the strength 
(intensity) of the stimulus. The stronger the stimulus the faster the response.
There is however, a curve. There is a threshold of intensity above which the 
responses will not get any faster. Warning or indicators reduce reaction time, but 
if the foreperiod is too short (too close to the actual stimulus) then the subject 
does not have time to prepare for the coming event, and if it is too long, 
motivation wears off. Muscle tension is altered during the foreperiod. Tension 
begins 200-400 ms following the warning and increases up to the point of the 
reaction. The higher the muscular tension at the end of the foreperiod, the faster 
the reaction. Muscle tension is greatest when the warning period is regular and of 
the optimum duration for a short RT (approx. 300 ms).
Disjunctive (choice) reaction times are longer than SRT by 20-200 ms and 
latencies increase with the number of alternatives. Where the stimuli are all very 
alike, the CRT becomes even longer (von Kries and Auerbach, 1877; Henmon, 
1906). When stimuli are similar, the subject experiences more false reactions, 
despite slower response times being produced in the effort to avoid mistakes.
Many factors have been found to affect reaction time:-
- practise (Blank, 1934)
- age (adult reaction times remain intact until around 60 years old, then response
speed begins to lengthen slowly (Miles 1942). (It is worthy of note however 
that reaction time measures illustrate this to a lesser extent than many other 
tests of motor speed and agility)
- boys and men generally have faster RT’s than female counterparts
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- RT varies greatly from between individuals, and also from day to day. RT must
therefore be compared solely to personal baseline reaction times, preferably on
the same day
- people who are heavy for their height react more slowly than lighter
counterparts (Smith and Boyarsky, 1943)
- quicker response times are noted when the pulse rate is higher (Elbel, 1940),
possibly due to emotional stimulation rather than physical
Welford (1968) divided the processes underlying human skill into three major 
groups. These were ‘input processes’ concerned with the understanding and 
interpretation of information from the environment; ‘decision processes’ that 
relate incoming perceptual information to possible actions, and ‘output 
processes’ that control the movements themselves. These three processes 
together form a reaction to an external stimulus. ‘Reaction time’ as a concept 
encompasses these three processes and provides a term for the physical (often 
subconscious) actions that are made as a response to an external stimulus. By 
creating a situation in which a person has to respond in a specific way, 
researchers are enabled to measure the concept of reaction time. There are 
thousands of human behaviours which are reactions to a given stimulus, thus by 
simplifying one (or some) of these into a measurable form, reaction time can be 
used as a behavioural tool, a method of assessing performance and thus any 
changes which occur under differing contrived circumstances. There are different 
types of reaction time, all of which measure the speed of a response to a specific 
stimulus, one (the most commonly used, and the focus of this thesis) of which is 
the choice reaction time which was discussed by Welford (1980) and which can 
be defined as:
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“The time to react in a situation in which any 
one of several signals may occur, each calling 
for a different response, must include four 
processes:
(i) the reception of a signal by the receptor
(ii) identification of the signal
(iii) choice of the corresponding response
(iv) initiation of the action which forms the 
response
The main part of choice reaction time is taken 
up with ii and iii".________, __________
It is to date unknown whether reaction time is a serial or a simultaneous process. 
Serial models include the theory that a person scans each of the stimuli in turn 
until the identification of one signal and one corresponding response is made 
Welford, 1980). This theory however does not correspond with true choice 
reaction time findings, and thus has been largely disregarded. Other models 
suggest that the subject scans the first half of the total possibilities for a stimulus, 
then half of this half, and so on, moving on to the original second half once the 
first has been scanned and disregarded (Welford 1980). The Positive Check 
Model suggests that the subjects divide the total possible stimuli into classes and 
examines each class in turn until the one containing the required signal and 
response is found. The subject then subdivides that class and again examines 
until he finds the required subclass (Welford, 1960; 1968). This model differs 
from the first in that if the required signal and response are not in the class 
inspected first, the subject does not simply assume that they lie elsewhere, but 
makes further inspection(s) to check positively where they do lie before 
proceeding to the next decision.
Simultaneous models of reaction time may provide more insight into the 
processes involved in the physiology of detecting a stimulus and making an 
appropriate response.
Taking the assumption that the subject compares all evidence from each of the 
possible signal sources simultaneously and decides in favour of the response that
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reaches a critical value soonest or as soon as all comparisons have been made, 
two different simultaneous models can be distinguished:
i) Each stimulus and its corresponding response are assumed to be discrete, 
thus any confusion between stimuli or responses is as likely to be with 
any one as any other
ii) The several stimuli and responses are assumed to lie along a continuum so 
that confusion is more likely between adjacent members than between 
those more remotely separated
Paulignan and Jeannerod (1996) found that when the response speed for grasping 
an object was measured, movement time is altered as the size of the object being 
grasped changes. Weisendanger et al (1996) examined the finding that uni­
manual performance of the right and left hands are consistently asymmetrical 
when reaction time is being measured. When bi-manual RT is tested, the reaction 
times of the two hands covary, and have a high correlation coefficient.
A form of reaction time that is frequently used in psychology is the Simon task. 
This task is similar to that of the Stroop task, except that in the latter, the subject 
has to respond to congruent and incongruent colour and word stimuli in a verbal 
manner, whilst the Simon task involves the subject responding to the stimuli in a 
spatial fashion. The Stroop effect is a result of stimulus congruence, whereas the 
Simon effect is a result of irrelevant spatial Stimulus - Response (S-R) 
correspondence (O’Leary and Barber, 1994). Thus the Simon task reflects a 
Stimulus - Response compatibility. Hasbroucq and Guiard (1991) aimed to 
question this compatibility. Hedge and Marsh (1975) found that when stimuli 
(red and green) matched in position the response keys (left and right), responses 
were faster than when the colour of the stimulus was instructed to elicit a 
response to the opposite colour response key. When, however the instructions 
were to respond to the alternate colour of the stimulus, the responses were faster 
for spatially non-corresponding stimulus-response pairs. This finding was 
supported by Simon et al (1981) and Hasbroucq and Guiard (1991).
Cheal and Lyon (1991) examined the effects of peripheral versus central cues on 
reaction time. Peripheral cues are said to elicit attention reflexively, whilst central
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pre-cues require voluntary allocation of attention (Müller and Rabbitt, 1989).
This leads to the question, do these different types of cues lead to different time 
courses for the responses to be made? There were significant differences between 
peripheral and central cues in the time course of attention effects on the accuracy 
of discriminating "T" like characters. As the interval between the peripheral pre­
cue and the target lengthened, there was a rapid rise in the accuracy of the 
response. The resulting optimum time for the presentation of the pre-cue was 
around 100 ms. For the central pre-cue, the optimum length of time before the 
response is elicited is approximately 300 ms. Central cues thus require more time 
to facilitate performance than peripheral ones. These differences between the 
optimum times for peripheral and central cues could be explained by at least 
three processes, suggested the authors:
i) Orienting to the cue: rapid and reflexive in the peripheral condition, and 
slower in the central one with the need for interpretation of the cue
ii) The engagement of attention at the target location that facilitates 
discrimination, resulting in an earlier rise in the curve with the peripheral 
cues and a slower rise in the curve for central cues
iii) A later inhibitory process that results in a drop in performance at long 
intervals but only when a peripheral cue is used
Possamï (1992) showed that in an SRT task, a non-informative cue reduced 
reaction time. This finding was also shown by Posner and Cohen (1984). The 
Possamï (1992) study was conducted in order to examine whether the effects of a 
non-informative cue had the same effect on a SRT task and a CRT task or 
whether the effect of facilitation occurred primarily to the CRT task. If perceptual 
facilitation is the primary, only or main effect of the cue, then both tasks will be 
affected equally. If the cue primes a particular response then facilitation should 
be greater in the CRT than the SRT. Responses after any kind of error are known 
to be longer in duration than average responses (Rabbitt, 1966). Mean RT’s were 
found to be much shorter in the SRT than the CRT. For the SRT, the duration of 
the cue had a significant effect on response latency, with cues of 100 and 200 ms 
duration having no differential effect on RT. It was however suggested that this is 
because the subjects had become sensitive to the effects of cueing due to the fact
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that they had been used before in a similar experiment. It is possible that the 
effects of an informational cue wear off, with the subject learning to ignore it as 
it may be giving false information. The facilitation of response speeds was much 
greater in the CRT task than the SRT task. In a second experiment, the effects of 
response speed when the cue and the target were not likely to be congruent were 
examined. This was conducted only in a CRT task. The subjects were found to 
respond significantly faster when the cue and target were congruent. This was not 
the case when the target was not likely at the cued position or the cue exceeded 
500 ms. This could have been due to the shortening of the response selection 
time or through the facilitation of response programming. These findings were 
supported by Reeve et al, 1992.
Johnson and Yantis (1995) found that response time is faster if the position of the 
target is known in advance, i.e., determined by a spatial cue, even when the eyes 
remain centrally fixated throughout each trial (Eriksen and Hoffman, 1974). The 
one process model (Jonides, 1980, 1983) assumes that if there is a cue, more 
attention will be focused on the cued stimulus, thus leading to a faster 
identification of the element there. Uncued elements receive a smaller share of 
the resources. The one process model thus yields enhanced response speeds for 
validly cued trials, and decrements in response speeds on invalidly cued trials. 
According to the two process model, the cue successfully directs attention onto 
the target on some trials, and fails to direct attention on other trials. The 
probability that the cue directs attention correctly is a function of its salience 
(Jonides, 1983) and its informativeness (Jonides, 1980). If the cue successfully 
directs attention to a location, all the attentional resources are allocated to the 
element in that location and it is identified first; the focused mode of attention. If 
that element is the target, a response is made immediately. If it is not the target, 
attention is then distributed evenly around the remaining elements until the actual 
target is found. This second stage is the diffuse model of attention. If the cue does 
not direct attention to any location, the diffuse model is used for the whole trial. 
Following an experiment to test the two process model of attention, Johnson and 
Yantis (1995) concluded that the one process model of attention allocation 
provides a more satisfactory account of performance in tasks involving partial
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cue validities, however mean RT’s supported the two process model for 
attention. The two process model predictions were however violated significantly 
by the entire shape of the RT distributions. They concluded that the one process 
model complies with the results more accurately. Ulrich and Mattes (1996) 
conducted research into cues and their effects on response latency and found that 
loud warning cues results in faster and more forceful responses being made.
Feinstein, Brown and Ron (1994) examined the effects of practise on SRT and 
CRT among other tests of attention. SRT was generally faster in a young 
population than their older tested counterparts, and, with no warning cues, the 
SRT response times increased over the eight trials. For the CRT task, 
performance was again superior for the younger age group than the older 
subjects. However, for this trial, with no warning cues, a significant linear 
improvement occurred over the period of eight testing sessions. Conclusions 
suggested that healthy volunteers were able to improve their performance on tests 
of attention with practise. Most marked improvements were noted in younger 
subjects when they were performing tests of cognitive speed. These effects were, 
however, less noticeable in tests with psychomotor components such as the 
reaction time tasks (these results offer partial support to the findings of chapter 
two). Newell and Rosenbloom (1981) suggested that most practise data on CRT 
tasks are ‘fit well by a continuous power function’. These authors also suggest 
that the S-R associations are learned and take the form of increasingly larger 
‘chunks’ however the mode of processing does not change. It is well documented 
that responses are fastest when there is a high degree of S-R (spatial) 
compatibility (Fitts and Seeger, 1953; Fitts and Deininger, 1954; Brebner et al, 
1972). With practise, the most common findings for both compatible and non­
compatible S-R responses are that RT’s become faster under both conditions, and 
the effects of the lack of compatibility wear off (decrease). Dutta and Proctor 
(1992) however, disputed these findings, suggesting that the compatibility effect 
did not wear off. Proctor and Dutta (1993) also examined the effects of practise 
on CRT in both conditions where the subjects performed the task with hands 
crossed and uncrossed. They found that, among 320 undergraduate students, 
responses were faster for the direct uncrossed condition and slowest for the
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indirect crossed condition. The direct crossed and indirect uncrossed conditions 
were intermediate and comparable. RT’s also decreased over the three sessions 
for each condition, although the effects of practise were more notable in the 
indirect mapping than the direct mapping conditions, and for the crossed than the 
uncrossed hand conditions. These findings supported those of Brebner et al 
(1972). Thus spatial codes ‘continue to mediate S-R translation even after 
considerable practise’. Whether these subjects actually underwent CRT "practise" 
per se is debatable however, as each subject was only exposed to three CRT 
trials. A second experiment showed that there was a direct relationship between 
stimulus and response which was not learned even though it would have been to 
the subject's advantage to invest in the learning of the S-R relationship. In this 
experiment, the right finger was always the response to the right stimulus, 
whether the hands were crossed or uncrossed. Findings showed little evidence 
that subjects benefited from the constant relationship between the stimulus 
location and the effectors that holds across the direct-uncrossed and the indirect- 
crossed conditions. In a third experiment, there were two conditions: 
incompatible uncrossed and indirect crossed. Thus all responses were spatially 
incompatible. The beneficial effects of practise for this trial seemed to involve 
the acquisition of efficient procedures for translating between stimulus and 
response locations. This study offers ‘compelling evidence that the improvement 
in performance of a spatial two-choice reaction task with practise, does not 
reflect a qualitative change in the underlying processing. Spatial codes appear to 
play a mediating role in S-R translation both initially and after practise’ (Dutta 
and Proctor, 1992). These results, in conjunction with the finding that S-R 
compatibility effects persist for up to eight sessions of practise, seem most 
consistent with accounts of skill acquisition that suggest increasing ability to 
process efficiently with practise, rather than any actual change in the mode of 
processing.
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1.4 Evoked Potentials: Their relationship to Reaction Time
Evoked potentials are “electrical changes which arise as a function of the nature 
and intensity of the stimulus” (Spiegel, 1989). These are measured using 
electrophysiological (EEG) techniques in order to examine the activity within the 
brain at the time of detection of a stimulus. They are useful as a measure of 
performance as motivation and tiredness do not have any effect on the evoked 
potential. The measure therefore gives a true indication of the time taken for the 
CNS to detect a stimulus. P300 latency (standing for Positive identification 
approx. 300 milliseconds following the target stimulus) was examined by 
Houlihan et al (1994) during a reaction time task compiled by Jensen (1982). 
Houlihan et al (1994) concluded that P300 seems to be primarily involved in the 
stimulus detection / classification rather than in the motor response to this 
stimulus. Kutas et al (1977) conducted a study where subjects were asked to 
perform speedy or accurate reaction times while having their P300’s measured. 
When speed was ordered, the reaction times were greatly reduced, although the 
P300’s were only slightly faster. Thus the question was raised as to whether 
reaction time is more affected by the processes affecting response bias and 
production than P300 latency. Findings led to the suggestion that the two are 
independent of one another. Research has shown that on the Sternberg task, both 
P300 and traditional RT response latencies increase as a function of setsize (i.e., 
Brumaghim et al 1987). The research by Houlihan et al (1994) used a Sternberg 
task adapted to measure RRT and MRT response speeds, in conjunction with the 
P300 readings from EEG equipment. For the P300 results, it was found that 
latencies for match S-R pairs were significantly faster than for mismatch probes 
and there was a significant effect of setsize. There were significantly shorter 
P300’s to mismatches in the larger setsizes. For the RRT, responses were 
generally 50 ms slower than the P300 latency and significantly longer for 
mismatch than match. There was also a significant effect of setsize, and, for this 
measure, the mismatch responses became slower with increased setsizes. MRT 
was longer for match than mismatch probes. There was a significant effect of 
setsize on MRT, although much smaller than those illustrated by the P300 and 
RRT measures; thus the effect of stimulus evaluation on MRT was said to be
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minimal. The significant difference between match and mismatch could be that 
of a type I error, as each of the subjects complained that it was harder to execute 
a match response than a mismatch one. In a second experiment to examine the 
same measures under speed / accuracy conditions, P300’s were found to be 
longer for incongruent stimuli than for congruent, and there was no effect of the 
speed / accuracy instruction. RRT was longer for incongruent stimuli than 
congruent ones, and was faster in the speed condition and longer in the accuracy. 
The difference in RRT was also greater for incongruent than congruent probes 
under the accuracy condition than in the speed condition. MRT was also longer 
on incongruent trials. It was therefore suggested that there was an effect of 
stimulus discrimination in the processing of motor responses. For the same 
measures of a Stroop type congruence task, there was no significant difference in 
accuracy for congruence vs incongruence. RRT was significantly longer for 
incongruent than congruent trials as was P300. There was no effect on MRT.
This led Houlihan et al (1994) to conclude that the assumption that MRT only 
reflects movement time is over-simplistic, and to suggest that this provides 
evidence that movement begins before the stimulus evaluation is completed.
Klimesch et al (1996), found that alpha frequency is significantly correlated with 
the speed of information processing as measured by reaction times (Surwillo, 
1971). High alpha frequency is related to fast response speed. A memory test was 
presented to subjects who had to remember 96 common words then respond 
yes/no to these and 96 distracter words. Alpha measurements were taken 
throughout the testing session. There was a strong effect of correct and incorrect 
target and distracter probes for the RT measure, with the response speed being 
significantly faster for both the correct target and the correct distracter responses 
than those of the incorrect stimuli. There was no effect of this in the alpha 
measurements taken. Thus in this recognition task, alpha wave size is not related 
to reaction time.
Corsi-Cabera et al (1996) examined the effects of total sleep deprivation (TSD) 
on RT and EEG among other measures. They found that over 40 hours of TSD, 
RT increased in a linear fashion with the duration of the period of wakefulness, 
as did the power of the EEG especially for theta, beta 1 and the full band.
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Circadian rhythms were not noted by the RT task. The number of errors made on 
the RT task remained constant throughout the period of wakefulness. This depicts 
a willingness on the part of the subjects to comply with the testing procedures, 
however the number of omissions increased in a linear fashion with the 
lengthening duration of the sleep deprivation period. This is a function of the 
fatigue of the subjects.
1.5 Validity and Reliability of Reaction Time as a Psychopharmacological 
Tool
Mannion, Lynch and King (1994) examined the sensitivity of reaction time tests. 
The authors suggested that “measures of test variability be routinely assessed in 
psychomotor studies as a check on test methodology”. Tests have found to differ 
greatly in their ability to detect, for example, the psychotropic action of a drug. 
When a simple experimental design is being used, the baseline measures of the 
placebo phase and the active drug phase give results that may (and should) be 
compared in order to assess the reliability of the test.
Parrott (1991a) suggested “the core of the problem: That psychopharmacology 
researchers, and the journals in which they publish (edited by peers / colleagues), 
have not been concerned with documenting test reliability or validity”. Test-retest 
reliability is of integral importance to a repeated measures study. Bittner et al 
(1986) found that for four-choice reaction time there was a test-retest reliability 
of +0.80, however, when slope scores were used to give response times, this 
dropped to +0.41. This result was also shown for the Sternberg memory scanning 
task, which showed a correlation coefficient of +0.80 when the response latencies 
were calculated, decreasing to +0.11 when the slope scores were correlated. The 
duration of the break between the times of testing must also be taken into 
account. Where testing is held on a daily basis, reliability of scores remains 
adequately high. However, if there is a gap of a week (for example) between test 
sessions, the test-retest reliability becomes much lower. Ways in which to reduce 
the variability often noted in psychopharmacological data (Parrott, 1991a 
suggested) would be to:-
i) standardise instructions
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ii) standardise the experimenter
iii) standardise subjects
iv) computerise data collection to eliminate mistakes
v) standardise the test program
vi) standardise test environment
Parrott (1991a) concluded that, before a paper is accepted by ajournai, the test- 
retest reliability coefficients obtained for that study should be submitted.
In a second paper, Parrott (1991b) suggested that, up to the point in time of the 
publication of his paper, there had been very little definition or use of validity 
(construct, face, criterion or content) in human psychopharmacology. The validity 
of a test is “not a static property, intrinsic to a test, but a reflection of how it is 
being used”. In this respect “it may be valid for one purpose, but invalid for 
another”. When a test looks appropriate, it has face validity. The Mackworth 
clock test is cited as an example, with the clock face looking somewhat akin to a 
radar screen. The sweep of the clock hand resembles the sweep of the radar 
around the screen. Also a car racing game would be an example of a task with 
face validity. Face validity is thus not an index of true validity. Content validity 
“reflects the degree to which a particular area of interest is being adequately 
covered”.
A test battery should always exhibit content validity (i.e. measure an aspect of 
each of the different behaviours performed). However, different researchers 
believe that different aspects of performance need to be measured in order to 
fulfil the content validity criterion: Wesnes et al (1987), suggested that cognition, 
attention, memory and skilled response (co-ordination of a response) need to be 
incorporated into a test battery. Alertness, selectivity, speed, accuracy and short 
term memory were proposed by Hockney and Hamilton (1983). Sensory 
reception and attention, arousal and alertness, simple information processing, 
complex information processing and cognition, memory storage and simple 
psychomotor were the measures put forward by Parrott (1986). There remains 
debate on which tasks exactly a test battery should incorporate. There is also 
debate on what exactly a test measures, with Digit Symbol Substitution Task
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(DSST) being classified as a sensory processing task (Hindmarch, 1980), a 
simple information processing task (Parrott, 1986) and a psychomotor task (Cull 
and Trimble, 1987). Simple information processing and psychomotor tests tend 
to be over represented in the majority of test batteries, while tests of higher 
cognitive processing tend not to be used when perhaps they should. The danger is 
to infer too much from a single task. An example of this could be Wood et al 
(1985) who concluded from a tracking task that a drug (scopolamine) did not 
cause any impairment and thus should not “produce any performance decrement 
to astronauts in an operational situation”. This clearly needed further research 
before such a conclusion could have been reached. Criterion Validity is the 
correlation between performance on the test and a direct and independent 
measure of what the test is designed to measure e.g. steering a car compared to 
tracking ability. This is the only measure of validity which has a statistical 
element. Very often in psychopharmacology, the validity of a test is measured by 
the ability to differentiate between different doses of a drug with a known 
sedative or stimulant action or between such a drug and a placebo. This is not 
however, a true index of test validity “as the external criterion is defined by the 
drug presence / absence, and not by performance level” (Parrott, 1991b).
In the final paper of this series, Parrott (1991c) examined Construct validity, 
“the test is perceived as one aspect of the overall process of enquiry. Test 
findings are combined with all other forms of evidence to form the current body 
of knowledge”. “There has been little informed debate on the meaning and 
interpretation of performance tests in human psychopharmacology”. It is difficult 
to integrate tests into categories that are widely agreed. Most tests are based on 
the arousal /  performance relationship. If all that is required of 
psychopharmacology is a sedation rating for each drug, then a choice reaction 
time task could be used in all instances of drug assessment, or an RVEP task or a 
letter cancellation task and so the list goes on. How does a researcher decide 
which task to use? Performance is too diverse to be described in any single 
dimension. Arousal is not a unitary concept. Different drugs will affect different 
neurotransmitters which will accordingly affect different aspects of performance. 
"Construct validation is the most accurate representation of current psychological
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practise. It mirrors the normal processes of psychology where, despite clarity 
within studies, knowledge and theory accumulate in a more haphazard manner. 
Theories are hardly ever proved or disproved". Parrott (1991c) concludes by 
suggesting that construct validity could simply be face validity for the experts.
1.6 Information Processing
If a drug is psychoactive, it will create changes in the CNS. It is important to the 
field of psychopharmacology that any changes occurring in the CNS are 
recorded. Tests are carried out in psychopharmacology in order to measure any 
changes as they occur. There are a multitude of different tests available for use in 
psychopharmacology. However, it is important for the psychopharmacologist to 
be able to measure performance levels from each aspect of separate CNS 
processing. Tests have thus been developed that measure only sensory 
perception, only motor co-ordination, only central processing etc. (see figure 1.1). 
This thesis concentrates upon reaction time as a measure of psychological 
performance. This response measure integrates various different aspects of CNS 
processing. Figure 1.1 shows in a diagrammatic form an information processing 
model. This depicts the way that sensory information is encoded and processed 
according to the individual differences (personality, past experiences, 
motivations and memory) of the individual which influences his CNS. The CNS 
then produces a behaviour or response that is appropriate to both the stimulus 
received and to that individual. This model is adapted from Hindmarch (1980) 
and Wesnes et al (1987).
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Uses for reaction time tasks vary widely. However, this thesis focuses on the use 
of reaction time as a measure in psychopharmacological research. Within the 
field of psychopharmacology, the main function of a reaction time task is to 
assess any changes that occur in a subject or patient whilst under a drug 
condition, or whilst being medically treated. The choice reaction time task used 
in this thesis is a measure of overall psychomotor performance, due to the levels 
of processing which are used in order to make a required response to a given 
stimulus.
1.7 Psychometrics Used in this Thesis
1.7.1 Choice Reaction Time (CRT)
Reaction time is a task involving information processing in order to achieve a 
required goal (i.e., perceiving a stimulus, and making an appropriate response). 
‘CRT is used as an indicator of sensori-motor performance, assessing the 
efficiency of the attentional and response mechanisms in the information- 
processing chain without the need for the extended cognitive processing’ 
(Sherwood and Kerr, 1993; Hindmarch, 1979). Extended cognitive processing 
tasks include memory performance, grammatical reasoning and other such 
performance measures. A more detailed rationale for choice reaction time as a 
performance measure is given throughout this chapter, thus in this section only a 
description of the apparatus used in the following experiments will be given.
24
Figure 1.2: Shows a diagram of the CRT apparatus as used in the following 
experiments
The subject sits at a table with the apparatus approximately 50 cm away, so he / 
she can freely move the dominant hand across the equipment. The subject begins 
the trial by placing the index finger on the central start button. One of six 
equidistant red LED’s (positioned in a 120° arc, of a 15 cm radius circle) is then 
randomly illuminated. The subject has to remove their index finger from the start 
position to the response button corresponding to the light. This extinguishes the 
stimulus LED. From there, the subject moves the index finger back to the start 
position as quickly and accurately as possible, and waits for another LED to 
illuminate. This task has to be conducted swiftly, and subjects are always told that 
speed is of the essence. The order of the illumination of the LED’s is determined 
randomly by the computer program. The computer is able to give three measures. 
The Recognition Reaction Time (RRT), which is the time it takes for the subject 
to remove their finger from the start position; the Motor Reaction Time (MRT), 
the time it takes the subject to reach the response button; and the Total Reaction 
Time (TRT). The TRT is the sum of the RRT and the MRT according to the 
additional theory of Donders (1868). All three measures are given in milliseconds.
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given in milliseconds. Each reaction time shown in chapters three, four and five 
is the mean response speed of 20 stimulus presentations.
When reaction time is measured by perceptual motor tasks, Hick (1952) 
suggested that there has to be a trade off between the response speed and errors 
committed. This is possibly true of any task. However often where errors occur 
on visual search and other types of tasks, for example, the Syndrom Kurtz Test 
(SKT) and the Digit Symbol Substitution Task (DSST), subjects are not aware of 
any mistakes that they make. On tasks such as these, where mistakes are not 
obvious to the subject, the best that he can do is try to maintain a constant speed. 
On a CRT task however, mistakes are always obvious to the subject as a new 
stimulus is not offered until the one previous has been correctly acted upon. 
Therefore, any changes in reaction time that occur whilst under the influence of a 
drug or compound can be attributed more reliably to the drug, circadian rhythm 
or emotional state, rather than to any confounding factors.
The choice reaction time task has a long history in psychopharmacology, and has 
been shown to be both valid and reliable, giving replicable results both between 
drugs and study centres (Teichner and Krebs, 1974; Krause and Bittner, 1982 
respectively). It is pharmacosensitive in that it is able to show dose response 
effects to sedative drugs, with response latencies increasing as drug dosages 
increase (Kerr et al, 1992). In psychopharmacology, a baseline measure should 
always be taken prior to the ingestion of a drug. If regular measures are taken at 
certain periods following drug administration, then any increase or decrease in 
threshold levels can be measured, and the impact of the drug on that person can 
be inferred. An increase in reaction time following the administration of a drug 
would suggest to a researcher that the speed of processing has slowed since the 
baseline. If this finding is consistent over a number of subjects, to such an extent 
that it is statistically significant, then a drug can be said to have the ability to 
slow down sensori-motor function (or consistently increase response speed).
Thus there is a reasonable chance that this drug is a sedative. It is repeatedly 
having a depressant effect on the aspect of the Central and Peripheral Nervous 
System that is being measured.
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1.7.2 Short Term Memory Task (STM)
Sternberg (1969,1975) developed a memory reaction time task following from 
the experimentation of Donders (1868) and Wundt (1912). The STM task used in 
the following experiments (based on the theories of Sternberg 1966, 1975) is a 
means by which high-speed scanning and subsequent retrieval from short term 
memory can be assessed. Subjects were required to judge whether a test digit was 
contained in a set of stimuli digits held in short term memory, and indicate ‘yes’ 
or ‘no’ by pressing the corresponding mouse button. Accuracy and response 
times were measured. This task functions as a memory test in that the subject has 
to report whether or not a target digit was contained in an original test sequence, 
and also a response speed task as the speed of response for each test digit is 
recorded. The task involves the subjects recalling from a series of digits. As the 
setsize increases, so too does the response speed recorded. Each additional 
member of the target set prolongs the search by a constant amount, 35-40 ms. 
Fastest responses occur when the memory set is digits, and slowest when the 
memory set is nonsense syllables, with words and geometric shapes falling 
between the two extremes. Practise seems to have no effect on the scanning rate.
Test Stimulus
Stimulus Encoding
Serial Comparison
Yes/No Response
Response Organisation
Overt Response
Figure 1.3: Model of scanning processing, taken from Sternberg (1975)
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Validity: This test has been used in studies for many years in 
psychopharmacology and has been shown to produce reliable (Carteref al, 1980) 
results. It is able to distinguish between different drugs, a finding that suggests 
that this task is pharmacosensitive (Sherwood and Kerr, 1994).
1.7.3 Compensatory Tracking Test (CTT)
This interactive test of psychomotor function entails tracking a moving arrow 
across a VDU screen using a mouse. The response measure (root mean squared, 
RMS) was the mean deviation from the track program over the two minute trial, 
with a lower response score depicting more accurate tracking. A peripheral 
awareness task (PRT) was included in which the subject responded to a stimulus 
presented in the periphery of vision, while simultaneously attending to the 
tracking test. The mean reaction time to 10 of these stimuli over the trial period 
was taken as the response measure for this component of the divided attention 
task. The tracking task apparatus used at the HPRU is a measure of the fine 
motor control and co-ordination, combined with a peripheral reaction time task.
This task is used regularly in psychopharmacology as it has a high degree of face 
validity, in that it bears relevance to real-world situations such as the handling of 
a vehicle and peripheral sightings whilst manoeuvring to and fro (Hindmarch, 
1988). From this task, drug effects can be inferred directly to on the road tasks, as 
the test has been found to be as reliable in exhibiting impairment as actual on the 
road performance (Sherwood and Kerr, 1993).
1.7.4 Critical Flicker Fusion Test (CFF)
All artificial light under an alternating current flickers. Human beings have 
developed a retinal lag at the beginning of a flicker of light and a lag at the 
beginning of a dark period, thus enabling us to perceive a constant source of 
light. When a light flashes regularly, there is a dark phase and a light phase. If the 
frequency of this flashing starts slowly, and increases gradually, the impression 
that the person has is one of coarse flicker, moving to fine flicker, and slowly 
moving to perceived fusion of light, thus giving the impression of a constant light 
source. The point at which the light becomes constant is known as the fusion 
frequency (or fusion threshold). Woodworth and Schlosberg (1938) suggested
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that the higher a person’s fusion threshold, the "more efficient is the operation of 
the light registering mechanism, and subsequently the better its resolving power 
in time". Critical Flicker Fusion (CFF) frequency is a term for the test based on 
what the task measures. It is a measure of the critical frequency at fusion (or the 
point at which a flickering light becomes perceived by an individual to be 
constant). The CFF task is a means of measuring the ability to distinguish 
discrete sensory data (Hindmarch, 1982; Parrott, 1982a) and is taken as an index 
of overall CNS activity (Hindmarch and Subhan, 1983; Simonson and Brozek, 
1952).
This rationale breaks down however, if the intensity of the flicker is too high or 
too low, when the rods are working harder than the cones, or when the brightness 
is shifting between the rods and the cones, as fusion frequency differs depending 
upon the part of the retina that is exposed to the lights, a result of peripheral 
fusion being much higher than when the lights are fixed in the centre of the 
fovea. This is controlled for in the apparatus used at the HPRU, as explained later 
in this section. Factors such as hyperventilation and prior exposure to a light 
source with a higher intermittency than that of the CFF frequency have been 
found to elevate personal threshold levels (Turner, 1965; Alpem and Sugiyama, 
1961):
The equipment consists of four diodes emitting red light at a distance of 1 metre 
from the subject. These flicker on and off in a 50/50, light/dark ratio from 12 Hz 
to 50 Hz rising at a constant speed of 1 Hz/s. At the point that flicker becomes 
fusion the subject presses a response button which is held in the preferred hand. 
The apparatus used at the HPRU also measures flicker thresholds, by 
commencing the task with the lights flashing at 50 Hz and slowing at a constant 1 
Hz/s until the subject can perceive flicker from fusion. Individual thresholds were 
determined by the psychophysical method of limits on three ascending and three 
descending scales. The average of the six values was used as an overall response. 
The reason for using a red light source is that the colour emphasises the cone 
function of the eye, and therefore eliminates some of the wide variation that 
peripheral perception of flicker could produce (Gortelmeyer and Zimmerman, 
1982; Hecht and Schlaer, 1936).
29
There are various different methods used for obtaining CFF threshold values. 
Historically, before the advent and wide availability of the computer, flicker was 
gained by interrupting a beam of light with a rotating perforated disc (Simonson 
and Brozek, 1952). Even before this date though, the practise of CFF was bom. 
The first scientist to measure CFF was Senger (1740) at the University of 
Gottingen, and since then CFF thresholds have been used as a measure of CNS 
activity (Stanley, 1986). Technological advances have meant that more recently 
flicker can be obtained electronically; a more reliable and much quieter method 
of achieving the resulting flicker.
The validity and reliability of this test have been demonstrated by many 
researchers (e.g. Parrott, 1982b; Levander, 1982; Bobon et al, 1982). CFF 
thresholds are frequently used in psychopharmacology to indicate arousal or 
sedation following drug ingestion. The task has shown to be pharmacosensitive 
in that CFF can determine not only between different drugs belonging to the 
same class (Hindmarch et al, 1991a) but also between different doses of the same 
drug, e.g., oxazepam (Kerr et al, 1992), diazepam and clobazam (Gudgeon and 
Hickey, 1981). CFF frequency / threshold levels refers to the perception of fusion 
from flicker and vice versa and are used as an indication of the speed at which a 
person is able to process incoming information. In psychopharmacology, a 
baseline measure should always be taken prior to the ingestion of a drug. If 
regular measures are taken at certain periods following drug administration, then 
any increase or decrease in threshold levels can be measured, and the impact of 
the drug on that person can be inferred. A decrease in CFF threshold, following 
the administration of a drug, would suggest to a researcher that the speed of 
processing has slowed since the baseline. If this finding is consistent over a 
number of subjects, to the extent that it is statistically significant, then a drug can 
be said to have the ability to slow down cortical activity (or consistently reduce 
threshold levels). Thus there is a reasonable probability that this drug is a 
sedative: It is repeatedly having a depressant effect on the aspect of the CNS that 
is being measured.
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1.7.5 Line Analogue Rating Scale (LARS)
The LARS is a subjective rating of sedation. Subjects are asked to draw a line 
across a 10 cm line to indicate how they are feeling now compared to how they 
were feeling at the baseline test point, for example:
The mean scores of ratings for "tiredness", "drowsiness", and "alertness" (which 
were included amongst a number of distracter scales) were taken as a 
measurement of perceived sedation (Hindmarch and Gudgeon, 1980).
For this rating scale, the higher the score (in mm), the more tired, drowsy and less 
alert the subject is feeling. Parrott (1982b) showed that there was a highly 
significant positive Spearmans rank correlation between levels of subjective 
sedation shown by the LARS and objective measures as shown by CFF 
thresholds.
1.8 Behavioural Toxicity
Behavioural toxicity can be defined as The extent to which a psychoactive 
substance impairs those abilities necessary for the performance of the 
psychomotor and cognitive tasks of everyday life’ (Hindmarch and Kerr, 1992). 
The measure can be Used as an index to give details of the potential of a 
particular drug to cause disruption to a persons' lifestyle. It is good practise on the 
part of the physician to prescribe drugs that have the least number of adverse side 
effects, to ensure the safety of the patient in their normal activities of daily living 
(Hindmarch, et al 1992a). Any impairments to the CNS, known as behavioural 
toxicity, need not be debilitating in order to make a persons' life uncomfortable, 
as it is most often patients suffering from depression, anxiety, dementia or 
another such serious psychological illness that are the very population taking 
these drugs. In instances such as these, any impairment of normal activities can 
be minor, but may be perceived disproportionately by the person already
More Less
Alert Alert
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suffering the illness. In patients suffering from depression for example, Bryne 
(1976) found that decision (recognition) reaction time was found to increase 
directly with the severity of the depression among a neurotic depressed 
population.
Psychometrics are a useful tool for measuring behavioural toxicity, the extent to 
which CNS side effects are countertherapeutic or detrimental to the patient’s 
safety, in clinical usage, perhaps on a comparative basis against an established 
positive internal control (verum) and against placebo. Drugs intended for "Over 
the Counter" (OTC) markets must have demonstrated little or no behavioural 
toxicity, as the population taking them are not under the guidance and 
observation of a general practitioner. Any side effects that occur may be 
unexpected (a patient may not read the instructions carefully) and therefore not 
anticipated by the patient. If an OTC drug does induce negative side effects the 
patient should be made aware of these, in addition to any activities that should 
not be performed whilst taking the medication.
Measures of behavioural toxicity are frequently used, not only to assess the safety 
and tolerability of a drug, but also to compare one drug against another. All of the 
studies examined in this review look at the behavioural toxicity of a drug, 
compared either against another active compound or against placebo.
Drugs need to be tested in both young and elderly volunteers before being tested 
in patients especially for an elderly disease, like Alzheimers and Parkinson’s, or 
an illness that the elderly are prone to, such as depression. Any adverse side 
effects that a young person exhibits as a result of drug ingestion could be 
exacerbated in an elderly person (Castleden et al, 1977). When developing drugs 
that are targeted at an elderly population, it is important to test for side effects 
first among young healthy people. If no side effects are noted in the young 
population, the drug should then be tested for behavioural toxicity in a healthy 
elderly sample. If no adverse side effects are noted here, then the drugs can be 
tested on patient populations.
Frequently, reaction time tasks are used in clinical studies of healthy volunteers. 
In such experiments, a reaction time task is performed at the baseline testing of 
each drug condition (and each day if there are multiple days of testing under one
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drug condition) and then at regular intervals following the administration of the 
drug. Thus any changes (either improvements or impairments) in response 
latency are easily, quickly and non-invasively detected and depending upon the 
aspect of reaction time that has altered, inferences are made about the effect that 
the drug is having upon the CNS. Reaction time tasks are usually performed as 
one section of a complete battery of tests, thus a complete profile of the CNS 
effects of the drug are available at the completion of the study. It has been 
suggested that any adverse CNS effects noted in a sick sample are likely to 
"increase the risk of drug related accident in otherwise ambulant patients", 
(Fâirweather et al, 1995; Patat et al, 1995a). Thus if a drug impairs performance 
among healthy volunteers, is it therapeutically viable to prescribe such a 
medicine to a patient already suffering from an illness such as depression?
It is evident from the literature reported in this section of the thesis, that the use 
of psychometric tests is intrinsic to research into old drugs and the development 
of new compounds. The psychometrics examined here are limited due to the 
focus of the thesis, but give an indication of the wide uses that they can serve. 
They offer an objective means of measuring the behavioural toxicity of both old 
and new drugs, and supply a means for comparative research. With more 
widespread availability they could offer themselves as a tool for new procedures 
in the diagnosis and measurement of the longevity of an illness, providing a 
doctor with objective evidence of any progression or deterioration a patient is 
making.
1.9 The Use of Reaction Time and Other Psychometrics in 
Psychopharmacology
This section of the thesis aims to examine the use of psychometric tests in drug 
development and clinical research. Space does not permit the discussion of each 
individual psychometric assessment, but attempts to illustrate the ways in which 
the tests are generally used. The two tests most commonly referred to in this 
section of the thesis are the Choice Reaction Time (CRT) task and the Critical 
Flicker Fusion Threshold task (CFF), both of which have been described in 
section 1.6.
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The CRT and CFF tests used at the HPRU were developed by Hindmarch, 1979. 
Both tasks measure aspects of CNS performance and together give an indication 
of changes that are occurring in the brain following the ingestion of a drug. The 
tests are usually used as part of a larger test array that, when used as a whole, 
give a more comprehensive insight into the different aspects of cortical function 
that could be altered by a psychotropic compound.
This section aims to:
a) Look at the ways in which psychoactivity is detected by the tests and the 
implications of this in the research field
b) Illustrate the way in which it is possible to measure the duration of drug 
action using the tests
c) Examine the effects of some illnesses on the frequently used 
psychopharmacological tests and possible ways of monitoring as patient 
recovery takes place
d) Detect side effects and behavioural toxicity by using the tests, and any 
implications this may have on drug development
1.9.1 Detecting Psychoactivity
In psychopharmacology, one of the most important roles that psychometric tests 
play is the measurement of the psychoactivity of drugs both medicinal and social. 
The extreme sensitivity of the tests is illustrated by the fact that they can 
differentiate not only between alternative drugs but also different dosages of the 
same drug.
1.9.2 Different Drug Classifications
Comparative studies of drugs in different classifications have shown that 
differences between types of drug are easily distinguished using a complementary 
battery of sensitive, reliable, valid and user-friendly tests.
Using the CRT and CFF tasks, Hanks (1984) conducted a comparison between 
nomifensine (a non-tricyclic antidepressant) and amitriptyline (a tricyclic 
antidepressant, TCA). Findings revealed that levels of sedation were clearly 
distinguished between the two drugs, with the nomifensine (50 mg) study group
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performing at the same level as the placebo control group, whilst the 
amitriptyline (25 mg) showed clear and significant impairment to performance on 
both the CRT and CFF tasks.
The same TCA (amitriptyline) has been used in many studies as an active control 
(verum) since its sedative effects are well established and widely documented. In 
a study by Fairweather et al (1993a) amitriptyline (25 mg) was used in this way 
as an active control, and its effects compared with the properties of fengabine 
200 mg and 400 mg (fengabine is a G ABA mimetic compound). The researchers 
found that the fengabine (200 mg) induced no change in the volunteers’ 
performance compared with placebo, whilst the fengabine (400 mg) dose actually 
increased the CFF scores, improving performance in comparison to baseline. The 
amitriptyline consistently impaired the volunteers’ performance, significantly so 
at 4 hours post dose.
Amitriptyline (50 mg) was again used as an active verum to compare against 
moclobemide (200 and 400 mg) in a second Fairweather et al (1993b) study. 
Neither dose of moclobemide had an effect on CRT or CFF at 1, 2 or 4 hours 
post dose, whilst the amitriptyline impaired both measures at all time points.
1.9.3 Same Drug Classifications
The above data show the ability of the CRT and CFF tasks to compare between 
different types of drugs, but the tests are also sensitive enough to distinguish 
between different medicines in the same drug classification groups. Casucci et al
(1991) for example, compared quazepam (15 mg) and triazolam (0.25 mg). These 
drugs are both members of the benzodiazepine group of anxiolytic hypnotics. The 
researchers found that CRT scores were significantly increased by triazolam, 
whilst the quazepam led to behaviour in accordance with the placebo control 
findings. Similar results were noted for the CFF task, with performance being 
impaired by the dose of triazolam.
The tests are at their most useful when they are able to show researchers the level 
of impairment a drug is likely to cause when ingested. Investigators are able to 
infer how badly everyday skills are likely to be impaired. The following studies
35
show that some of the more modem antidepressants do not induce negative side 
effects and can in some instances actually improve performance.
A selection of Selective Serotonin Reuptake Inhibitors SSRIs were examined in a 
report by Kerr et <2/ (1991a) and a Cohen’s d (rank order) analysis conducted on 
data from studies conducted by the research group. Kerr et al (1991a) found that 
sertraline (100 mg), paroxetine (30 mg) and zimeldine (200 mg) all increased 
CFF scores significantly compared with placebo, suggesting an improvement in 
information processing capacity. The dose of sertraline (100 mg) decreased 
scores obtained by the CRT task, showing an improvement in sensorimotor co­
ordination and speed. Doses of fluoxetine (40 mg) and fluvoxamine (50 mg) did 
not produce any significant difference compared with placebo.
In a study of the Reversible Inhibitors of Monoamine Oxidase-A (RIMA’s) on 
healthy volunteers, Berlin et al (1990) showed that moclobemide given in three 
daily doses of 150 mg and toi ox atone (400-200-400 mg) produced no impairment 
on either the CRT or CFF tasks. These results were substantiated by Patat et al 
(1995a) who tested befloxatone (5 mg b.i.d., and 10 mg o.d.) in young healthy 
volunteers, 3, 4 and 8 hours post dose. Neither of these dosages produced 
significant impairment at any of the test points.
Psychometrics can also be useful in directing people away from drugs such as 
amitriptyline which have consistently shown to impair performance. The TCA’s 
dothiepin (50 mg) and amitriptyline (25 mg) were compared with (10 mg) 
mianserin (a tetra cyclic antidepressant) in a study by Hindmarch et al (1992a). 
All of the compounds examined on this occasion impaired performance 
consistently on both CRT and CFF.
These few examples show that there are differences within these drug 
classifications in the effects that drugs of the same classification can have on a 
person. It is obviously in the interest of a patient to be provided with a 
medication for an illness that will have as little detrimental effect on the everyday 
activities as possible.
1.9.4 Test-Retest Reliability
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Trials over the years have looked at a variety of drugs. Lorazepam (1 mg) 
reportedly impaired the results from the CRT and CFF tasks in many studies 
conducted. Turner (1973) tested this compound using the CFF task and reported a 
significant impairment to performance; Seppàlà et al (1976) found lorazepam 
(2.5 mg) induced impairment up to 7 hours post dose; Aranko et al (1983) found 
lorazepam (3 mg daily) caused CFF reductions up to 4 hours post dose; 
Hindmarch and Gudgeon (1980) found that lorazepam (1 mg t.d.s.) impaired 
performance on many aspects of psychological performance compared with both 
placebo (p=0.0006) and clobazam (p=0.001); Abrams et al (1988) compared 
lorazepam (2 mg slow release compound) against lorazepam (2 mg conventional 
release) and found impairment of CFF and CRT tasks at 2, 6 and 24 hours post 
dose with both substances; Subhan et al (1986) tested lorazepam (2 mg) on 
healthy volunteers and found that both CRT and CFF responses were impaired at 
3 hours following both single and repeated doses of the drug (see table 1.1).
1.9.5 Dose Range Comparisons
Earlier in this chapter, it was suggested that psychometrics are sufficiently 
sensitive that they can differentiate between different dose levels of the same 
drug. This is shown by dose range studies conducted by some researchers. 
Different dosages of the same drug can also illustrate rises or falls in the levels of 
behavioural toxicity induced in a volunteer or patient population as a result of the 
medications that they are taking. The CRT and CFF tasks employed by many 
researchers of psychoactivity frequently show results indicating a dose / response 
increase in behavioural toxicity.
Oxazepam, a benzodiazepine, has behavioural effects that are short lived in 
comparison with other benzodiazepines of its nature, and also has a fast onset 
after ingestion. With this in mind, it was suggested that an investigation into the 
behavioural toxicity of a range of doses of oxazepam could show clear dose 
range results. Kerr, Hindmarch and Sherwood (1992a) conducted a meta analysis 
to examine any differential responses reported by researchers over a number of 
studies. 10 doses ranging from 7.5 mg to 50 mg of oxazepam were examined. 
Findings showed that for the CRT task, oxazepam increased response times as 
dose increased at both one and two hours post ingestion (T-max=2 hours).
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Similar results were found for the CFF task, illustrating the sedative properties of 
the compound.
Research by Gudgeon and Hindmarch (1983) examining the effects of 
midazolam on healthy volunteers, found that as the dose of midazolam increased 
so too did the level of behavioural toxicity that was induced at 1 hour post dose • 
on the CFF task, as determined by reductions in the CFF thresholds.
Newer types of antidepressants, in particular the SSRIs, have shown that rather 
than causing sedation in the population taking the medication, the opposite effect 
is found, and both patients and volunteers produce elevated CFF thresholds and 
reduced CRT scores. Sertraline, an SSRI has shown in many studies (Hindmarch 
and Bhatti, 1988; Kerr et al, 1991a; Warrington, 1991; Sherwood, 1995a) that it 
increases CFF thresholds and reduces reaction time in healthy volunteers. An 
investigation into sertraline was conducted by Hindmarch and Bhatti (1988) to 
report the effects of different dose levels of the drug in a volunteer group. 
Findings showed that as the dose of sertraline increases (25-100 mg) CRT 
response times decrease (thus showing an improved sensori - motor reaction 
time) and CFF responses increased (therefore suggesting that the speed of overall 
CNS function was improved).
1.9.6 Measuring the Duration o f Drug Action: Recovery From Anaesthesia
It is becoming more important for hospitals to be able to perform surgery on a 
day-case basis in order that all of the people needing treatment can be seen 
without the necessity for beds being taken up in recovery wards. This can only be 
practical in cases of minor surgery, but is becoming increasingly common. Where 
day case surgery is applicable, the anaesthetic has to have a swift onset action, 
create good operating conditions in the patient, have minimal side effects and 
rapid recovery rates (Ogg, 1987). Premedication,' which was Used as standard in 
the past, is often not used in modem surgery, but an example of a good 
premedicational benzodiazepine is temazepam, which relieves anxiety and causes 
few side effects on recovery following the operation. Many studies have been 
conducted on the effects of anaesthesia on CNS performance and anaesthetics 
which lead to swift and easy recovery from the operating conditions are naturally 
of best use in day case surgery. A study by Moss et al (1987) looked at the post
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operative effects of two anaesthetics, alfentanil and halothane. They found that 
immediately on recovery, CFF was significantly faster following alfentanil than 
halothane anaesthesia; a finding that was still evident the morning following 
surgery. All of the other tests conducted on the patients (CRT, maddox wing, 
LARS and a measure of semantic memory) showed no significant results. This 
may suggest that the CFF task is a more sensitive measure of residual action for 
this particular drug than the other tests used in this experiment. The results for 
CFF were significantly depressed at 3 hours post operation whilst all of the other 
measures were impaired only at 2 hours post operation and had returned to 
normal (baseline) by 3 hours.
Noble (1987) reported that memory is frequently impaired following anaesthesia. 
Following anaesthetic treatments with either methohexitone or propofol, at 1 
hour post operation, all patients showed significant impairment of memory for 
new information. When tested again at 2 hours post operation (using new 
information), this impairment was no longer in evidence. There were no 
significant differences between the two drug groups. These findings are 
important as they suggest that instruction on post-operative care or any rules that 
the patients need to be aware of, should be given prior to the operation rather 
than following anaesthesia. Tests which determine post operative impairment 
should be sensitive enough to measure residual drug effects, thereby providing a 
guide for the anaesthetist enabling him / her to deem the patient ‘fit’ to leave the 
care of the surgery. Herbert (1987) reported that 9% patients who ‘feel’ fit 
following a day case operation actually drive themselves home following 
anaesthetic. This could be avoided by the hospital employing a practise of using 
psychometric tests in order to illustrate objectively to the patient that although 
they ‘feel’ well, their performance measures are still below average or baseline 
results, and that activities such as driving or operating heavy machinery could be 
hazardous. Haskett and Vickers (1979) suggested that 24 hours or ‘a good nights' 
sleep’ would eradicate all of the residual effects of anaesthesia that relate to 
driving performance, while'Havard (1976) suggested that patients should not be 
allowed to drive for 48 hours post anaesthesia. Korttila (1981) suggested that 
having taken evidence from a number of studies into account, ‘patients should
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probably not drive for 24 hours’ following an operation. Clearer guidelines in this 
area are necessary.
1.9.7 Residual Effects o f Hypnotics
Treatments for sleeping disorders are varied. Benzodiazepines are commonly 
used as their anxiolytic properties (which induce relaxation and calm nerves) can 
help to induce sleep. Drugs which induce sleep have to be prescribed carefully, as 
the action of the drug (the induction of sleep) must not encroach on the patients' 
daily life. It is often the case that a drug that induces and improves the quality of 
sleep can leave a residual state of sedation in the subject the following day. In 
effect, this causes a danger to their being by impairing performance (Hindmarch, 
1984). This phenomenon was termed a ‘hangover effect’ by Hindmarch (1984) 
who suggested that ‘short acting hypnotics are safest for ambulant patients’. 
Currie et al (1992) agreed with this suggestion, arguing that the safest drugs for 
the treatment of insomnia are those with elimination half lives of less than 24 
hours. Measures of sedation both immediately following ingestion and the 
morning following the administration of drugs can be both objective and 
subjective (with rating scales such as the Leeds Sleep Evaluation Questionnaire 
(LSEQ) plus the psychometrics already mentioned). This rating scale (the LSEQ) 
measures the volunteer or patients’ subjective feelings on their sleep at four 
different levels:
i) Their perceived ease of getting to sleep (GTS)
ii) Their perceived quality of sleep (QOS)
iii) How their behaviour on awakening compares to normal (BFA)
iv) Their ease of awakening following a period of sleep (AES)
Their subjective ratings are then used in conjunction with objective measures to 
give an overall profile of the pharmacodynamics of the drug.
Following much research and debate on various types of hypnotics, Hindmarch 
(1983b) tested two non-benzodiazepine hypnotics (amybarbitone and 
dichloralphenazone) on a group of healthy volunteers. These were administered 
in doses of 100 mg and 1300 mg respectively. Both drugs proved effective in
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helping subjects get to sleep and increased their quality of sleep as measured by 
the LSEQ. However, subjects had greater difficulty than normal in waking up, 
and performance following awakening was impaired with both drugs. Therefore 
Hindmarch concluded from previous research showing that benzodiazepines 
were effective sleep enhancers without demonstrating “hangover effects” 
(Hindmarch, 1984), that benzodiazepines were the drugs of choice for the 
‘management of sleep disorders in clinical practise’. These results, showing that 
adverse effects can be seen the morning following nocturnal doses of hypnotics, 
can possibly be explained by the long elimination half-life of some such active 
compounds, (the elimination half-life of a drug is the time taken for the drug 
levels present in the plasma of a subject / patient to decrease by one half of a 
given plasma concentration, Neubig, 1990). It is important that patients are 
prescribed with drugs with as few side effects as possible in order that they can 
continue with every day life. Some drugs in small doses (i.e., nitrazepam, which 
has an elimination half-life of over 12 hours) show no adverse responses, but as 
doses increase, so to do the levels of impairment to performance. In repeated 
doses, as drugs such as hypnotics are generally administered, any increase in 
impairment can become significantly debilitating. Hindmarch (1981) reviewed 
some studies that conducted research into hypnotics. He suggested that not only 
do acute doses need to be tested on volunteers and patients to show any effects 
that may occur in the casual user of these drugs, but sub-chronic doses also need 
to be investigated in order that any build up of impairment is detected. Drugs that 
are know to have long elimination half lives are likely to produce cumulative 
effects following repeated doses (Trevor and Way, 1989). Hindmarch (1981) 
concluded that the benzodiazepine class of drugs are more likely to produce a 
hangover effect if their ‘pharmacologically active half life is longer than the 
period of sleep induced’, a theory supported by Bourin et al (1987). Subjects 
were tested by Bourin et al (1987) 11 hours following nocturnal doses of 
nitrazepam (5 mg) and temazepam (20 mg). Neither drug affected CFF scores, 
but the CRT task showed a significant difference between the drug treatments 
and placebo. Subjective ratings showed that the volunteers found it harder to 
wake up in the morning following doses of nitrazepam. This could be a result of 
the long elimination half-life of the drug. It is possible to see from the literature
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available that much research has been conducted into the use and effects of 
benzodiazepines as hypnotics. Using CRT and CFF as measures of impairment, 
Seppàlâ et al (1976) showed patients should not be allowed to drive or operate 
heavy machinery for 24 hours following a 2.5 mg dose of lorazepam, whilst 
diazepam (10 mg) and medazepam (15 mg) also induce impairment but only for 
up to 7 hours post dose. This suggests that, although the lorazepam may impair 
performance in everyday life, nocturnal doses of diazepam and medazepam 
would be safe, if the patient takes the dose before a reasonable period of sleep. 
Clyde and Hindmarch (1983) tested a small but clinically effective dose (0.5 mg) 
flunitrazepam for a period of 1 week on healthy volunteers. They had found 
previously that 2 mg doses of the drug induced a hangover effect but in 1 mg 
doses no residual effects were detectable. Volunteers were tested 1, 4 and 7 days 
after the induction of the trial, and whilst the measures for GTS were 
significantly better than in the placebo control group, there was no residual 
impairment to CRT, CFF or finger tapping measures of performance. Gudgeon 
and Hindmarch (1983) tested a range of doses (5, 10, 15 and 20 mg) of 
midazolam on healthy volunteers. At the test point 1 hour following 
administration, the 15 and 20 mg doses caused a significant level of impairment 
in the subjects, but all traces of sedation had gone by 7 and 12 hours post dose.
All four doses of midazolam increased subjective ratings of GTS and QOS.
In a review of benzodiazepine hypnotics, Hindmarch (1991) suggested that 
lormetazepam in doses of 1, 1.5 and 2 mg and triazolam (0.5 mg) aided the fast 
onset of sleep, whilst not impairing performance the following morning. 
Nitrazepam, on the other hand, at doses of both 5 and 10 mg, flunitrazepam (1 
mg) and flurazepam (15 mg) all with long elimination half lives, produced 
residual effects in patients and volunteers when given in repeated doses. Reaction 
times were increased following repeated nocturnal doses of flurazepam (15 mg) 
by 80-140 m/sec. In real terms, Hindmarch (1991) reported that, ‘this would 
increase the stopping distance of a car travelling at 70 mph by 8-14 feet’.
The sedative-hypnotics are a class of drugs which show a tendency towards 
tolerance. The longer a patient takes the medication, the more of it is needed to 
induce sleep. It is suggested that both metabolic tolerance (an alteration in the
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rate of metabolism of the drug) and also pharmacodynamic tolerance (an 
alteration in the effectiveness of the CNS in processing the drug) may be the 
causes for the need for greater doses of the drugs. This class of drugs is also more 
likely to cause dependence than other types of sedatives and anxiolytics. 
Dependency refers to a patient needing to maintain a certain level of the drug in 
order to avoid withdrawal symptoms. These symptoms may be mild in nature, but 
can be as serious as convulsions (Trevor and Wey, 1989). It is suggested that 
drugs with long elimination half-lives are less likely to cause withdrawal 
symptoms than drugs which are eliminated more quickly, with drugs that have 
very short half lives even being reported to cause anxiety between doses.
A variety of studies have shown that zopiclone is a favourable alternative when 
compared to the traditional benzodiazepines for the reduction of sleeping 
problems. Harrison et al (1985) examined the acute effects of flunitrazepam (1 
mg), triazolam (0.25 mg), lormetazepam (1 mg) and zopiclone (7.5 mg) in 
comparison to placebo both 1 and 10 hours post dose. Findings showed that the 
flunitrazepam aided the volunteers GTS and QOS but impairment of performance 
on the CRT task was significant at both time points. Lormetazepam was not 
perceived to be useful in the aid of sleep onset and quality. Triazolam and 
zopiclone did not impair performance at either time point and all volunteers 
reported better sleep onset latencies. Subjective ratings also showed that the 
drugs improved all aspects of sleep quality and general feelings of well-being the 
following morning. Hindmarch and Rombaut (1991) supported this finding by 
showing that acute doses of nitrazepam (5 mg), flurazepam (15 mg) and 
flunitrazepam (1 mg) are all good at inducing and improving the quality of sleep, 
but they do impair performance the morning following nocturnal doses. 
Temazepam (20 mg), triazolam (0.5 mg) and midazolam (15 mg) all improve the 
onset and quality of sleep, and although they do not impair performance the 
following day, are ‘heavily amnestic’ following repeated doses. Zopiclone (7.5 
mg) however, helps people to sleep quickly and effectively without any 
detrimental effects in the morning even following repeated doses. Ponciano et al 
(1990) compared sub-chronic doses of flurazepam 30 mg (which has an 
elimination half life of 48 hours or more) with zopiclone 7.5 mg (which has an
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elimination half life of only 5 hours) in insomniac outpatients. Subjects that were 
prescribed flurazepam produced significantly impaired MRT and TRT scores 
compared with both the placebo and zopiclone groups. However the researchers 
themselves criticised these findings, suggesting that some of the tasks were too 
difficult for the patients. Some patients possibly did not understand the questions 
on the LSEQ. They suggested that this in itself could account for the lack of 
significant results from the subjective task.
Following research using both objective and subjective measures Currie et al
(1992) suggested that zopiclone and triazolam administered in acute doses were 
the two most efficacious hypnotics as the rest of the benzodiazepine class of 
drugs induced some performance impairment (hangover effect) the following 
day.
1.9.8 Drug effects in illness, particularly Alzheimer’s disease
The use of psychometrics is potentially able to monitor progress during the 
treatment of patients suffering from dementia. Curran, Wattis and Hindmarch 
(1989) examined the effects of dementia on reaction time. They argued that the 
diagnosis of patients as having dementia is based on “clinical impression”, the 
DSM HfR manual and rating scales. To measure the severity of a disorder, a 
symptom or sign has to be displayed. Patients may not report or display certain 
symptoms when being tested, and thus these might not be taken into account 
when making the diagnosis. Using a CRT task, Curran et al (1989) examined 12 
patients with Primary Degenerative Dementia of the Alzheimers Type (PDDAT) 
and compared their performance on a CRT task with those of 12 healthy elderly 
volunteers. TRT was found to differentiate between patients with dementia and 
healthy volunteers. There was also a significant linear effect of age in both 
groups, with a trend towards a higher increase in reaction time with age among 
the PDDAT patients, compared with those of the healthy elderly volunteers. This 
however, failed to reach significance. It has been well documented elsewhere that 
the elderly show longer response times than their younger counterparts. This 
increase in response latency of ageing volunteers may reflect the slowing of 
cognitive processes seen in elderly subjects (Hoyer and Plude, 1980). Increases in
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reaction time in the elderly have been found to be largely due to increased MRT’s 
(Frewer and Hindmarch, 1988) suggesting an increase in the time taken to make a 
motor response, rather than any decision making or recognition problems being 
encountered. Twelve patients with PDDAT and twelve healthy volunteers 
matched for age and sex were enrolled onto a study by Frewer and Hindmarch 
(1988). MRT and RRT were significantly impaired in PDDAT patients compared 
with the volunteers. Increased MRT is an area for discussion. It may have been 
that the subject, when lifting the finger from the start pad, was still making the 
decision about what they had to do next, or it could have been a result of the 
“pathological involvement of the brain areas involved with the initiation and 
execution of movement” (Frewer and Hindmarch, 1988). There was a much 
greater difference between the RRT scores of the patients and the healthy 
volunteers than that shown by the MRT responses. This is probably a result of the 
decision-making nature of the task. The patient / subject has to recognise that a 
stimulus has been presented and the brain has to react to it. The breakdown of 
cortical function in patients suffering from PDDAT is such that even a simple 
response will take time to elicit. Fagan and Dreary (1989) pointed out that nitrous 
oxide induces the same symptoms in healthy volunteers as patients suffering 
from PDDAT. Using this compound, it may be possible to simulate PDDAT in 
healthy volunteers whilst testing drugs that may one day cure the disease, thereby 
further assisting research into Alzheimer's dementia. Over the years, the CRT and 
CFF tasks have been established as a reliable and valid measure of the 
functioning of the CNS.
Patients with Alzheimer's disease (AD) show structural changes in the 
parietotemporal lobe, whilst in Senile Dementia of the Alzheimer’s Type (SDAT) 
these changes are more evenly distributed (Gottfries et al, 1991). These structural 
changes in the brain take two forms: Senile Plaques (protein) that occur in areas 
of the brain containing the axons of neurons. They are habitually surrounded by 
debris from other neurons that are degenerating. They seem to interfere in the 
sending of messages from one neuron to another (Jorm, 1987). They other 
structural changes which occur in Alzheimer’s dementia are neurofibrillary 
tangles which occur in the cell body of the neurons. These are thought to be
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formed when there is interference with the neurofilaments which assist the 
transportation of chemicals around the nerve cell (Gajdusek, 1985). These 
changes to the brain are only detectable at post mortem, and although both senile 
tangles and neurofibrillary tangles form in normal elderly people, they are more 
common in patients who have suffered from Alzheimer’s disease. In order to 
diagnose dementia, cognitive function has to have declined severely enough that 
competence on a social and occupational level has been disrupted. Dementia can 
therefore only be diagnosed by behavioural problems. It was suggested that 
advances in brain scanning techniques such as Computed Tomography (CT), 
Magnetic resonance imaging (MRI and positron emission tomography (PET) 
scans, may assist in the diagnosis of such disorders, however although these 
techniques are able to detect organic problems within the brain, these can only 
lead to a requirement for further examination by a Psychiatrist or other health 
professional. They can be used as indicators of a problem, but not as diagnostic 
tools.
Using these measures across a wide number of dementia patients in addition to 
CRT and CFF tasks could provide useful insights into the disease, and also 
enable more information about the area of brain function that the CRT and CFF 
tasks are actually facilitated by. Curran (1990c) suggested that CRT is a 
particularly useful test to use in the experimentation of dementia, as the task is so 
short. If measures like this were to be used as a tool in normal medical general 
practise, a decrease in performance levels may alert a general practitioner to the 
possibility that the patient is showing the signs of the onset of a disorder such as 
depression, anxiety or dementia, thus leading to new research in the area. Such 
testing procedures, by their very nature, would have to be longitudinal in order to 
monitor any change in individual scores, and would incur considerable cost to 
initiate. Such a program as this however could lead to breakthroughs in the early 
diagnosis of these illnesses and possibly help in the development of a cure.
1.10 Choice and Complex Reaction Time
Of the studies examined in this review, many examined the effects of compounds 
on choice reaction time, which (as shown in figure 1.2 above), is a task
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measuring complete psychomotor performance. In order for a subject to make a 
response to a choice reaction time task, a stimulus has to be perceived from the 
environment around him, the central component has to determine which stimulus 
has been activated, thus which is the appropriate response to make, and the motor 
aspect of the processing chain has to elicit that response, so that an appropriate 
behavioural action is made. If a drug is introduced to the individual which affects 
any aspect of this processing chain, the choice reaction time will be affected.
As an example of the consistency of reaction time tasks, the following table 
illustrates some results of the effects of a single benzodiazepine, lorazepam, on 
CRT and SRT from experiments by different research groups, at different times. 
Of the literature examined, 16 papers reported on the effects of lorazepam on 
CRT. One additional study examined the effects of this compound on SRT.
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Table 1.1: Showing the number of trials examining the effects of lorazepam on 
reaction time and their findings
Dose (mg) RT Task Effect Author
0.0625,0 .125,0 .25, 0.5 SRT T Tulen etal  1991
1 MRT, RRT, TRT, STM/RT Î Alford et al 1992
1 MRT, STM/RT Î Gilburt and Hindmarch 1989b
1 RRT, MRT, STM/RT Î Hindmarch and Gilburt 1990
1 PRT, CRT, STM/RT T Kerr et al 1992
2 SR & CR CRT Î Abrams et a /1988
2 RRT, TRT, PRT AND STM/RT Î Hall and Ceuppens 1991
2 ' MRT, RRT, PRT, STM/RT Î Hindmarch and Tiplady 1994
2 MRT, RRT, PRT, STM/RT Î Hindmarch et al 1988
2 MRT, RRT, TRT Î Patat et al 1995b
2 MRT, RRT, TRT Î Preston et al 1989
2 MRT, RRT, TRT Î Subhan e ta l  1986
2 CRT Î Vermeeren et al 1995
2.5 CRT T Seppala et al 1976
3 MRT, RRT Î Gilburt and Hindmarch 1989a
1 RRT = Gilburt and Hindmarch 1989b
2 MRT = Hall and Ceuppens 1991
0.5 MRT, TRT 4 Bourin et al 1994
1 MRT, TRT i Bourin et al 1994
Î: Significant increase in response latency; -f: Significant decrease in response latency; =: No 
change to response latency
N.B.: In both instances where response latency decreased, subjects were taking 
the drug sub-chronically thus tolerance had had time to develop.
It is possible to see from these results that in 14 of these studies in which CRT 
tasks were used as a measure of psychoactivity and in the single study in which 
SRT alone was used, lorazepam was found to increase response latency. The only 
deviations from this finding were from Bourin et al (1994), who examined the 
effects of relatively low doses of the drug following repeated administration, and 
found that reaction time actually decreased following sub-chronic administration 
of lorazepam. Gilburt and Hindmarch (1989b) found the there was no effect of 
lorazepam on the RRT aspect of the task following 1 mg, and Hall and Cueppens
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(1991) found there was no effect to MRT following the ingestion of 2 mg of the 
drug.
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1.11 Caffeine and Reaction Time
1.11.1 Pharmacology o f Caffeine
Caffeine is probably one of the most widely used social drugs in the world and is 
so commonly used that it is not generally considered to be a drug. In older age, 
adverse effects are noted following the consumption of large amounts of caffeine; 
namely disturbed sleep, disturbed heart rhythm, lethargy, irritability and 
withdrawal effects such as headaches after the elimination of the use of >600 ml 
per day (on average, adult daily consumption is 200 mg per day).
There are three main methylxanthines; caffeine (which is found mainly in 
coffee), thoephylline (which is found mainly in tea substances) and theobromine 
(which is found predominantly in cocoa drinks).
Methylxanthines primarily affect the CNS. However there are also effects upon 
the kidney, cardiac, skeletal and smooth muscle. Of the three methylxanthines, 
caffeine has the greatest CNS effect and theophylline is the most effective in 
smooth muscles. The major therapeutic action of methylxanthines is 
bronchodilational resulting from their action upon the smooth muscles. As this is 
the case, theophylline is used in a therapeutic formulation (aminophylline) as a 
treatment for asthma and is the only methylxanthine which is used as a 
therapeutic agent. Xanthine derivatives, however, which do not antagonise 
adenosine, may be much more effective in inhibiting the bronchial constriction of 
asthma sufferers.
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Methylxanthines
\|/ (inhibit)
Phosphodiesterase
4/(which inactivates intracellular metabolism of ) 
cAMP
Thereby increasing the levels of cAMP in the system.
Figure 1.4: shows the breakdown of methylxanthines into cAMP
cAMP (cyclic 3’ 5’ - adenosine monophosphate) is a nucleotide secondary 
messenger, which is synthesised within the cell from ATP by the action of 
adenylate cyclase. It is continually produced and is inactivated by hydrolysis by 
the phosphodiesterase enzymes.
cAMP metabolises energy, regulates cell function, relaxes smooth muscle and 
regulates cell division, ion transport and ion channel function. The introduction 
of methylxanthine to the cell inhibits the function of the phosphodiesterase in the 
breaking down of the cAMP which in turn leads to a greater presence of cAMP in 
the cell than would normally be found.
In low doses, hot drinks such as coffee, tea and cocoa, mildly stimulate the CNS 
as a result of the methylxanthines they contain, deferring fatigue and enhancing 
alertness, improving concentration , producing a clearer flow of thought, 
reducing reaction time, increasing the speed at which simples calculations can be 
made and improving performance on motor tasks such as typing and driving. In 
higher doses, nervousness, insomnia, medullary stimulation and convulsions are 
sometimes noted.
1.11.2 Pharmacodynamic effects o f Caffeine and Methylxanthines
Barone and Roberts (1996) suggested that caffeine is one of the most widely used 
drugs available to man and has been consumed by us for thousands of years 
(authors suggest that there is evidence that caffeine consumption dates back to
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the stone age). Since it has been possible to remove caffeine from products that 
would naturally contain the substance, it has been added to many prescribed and 
over the counter (OTG) drugs and also to cola products. Research has shown that 
consumers in the UK and Denmark generally have a higher daily intake than 
those in the USA who drink caffeinated products. Barone and Roberts believe 
that among the caffeine consumers in North America, up to 4 mg/kg is ingested 
per day. Of these the 90th percentile are estimated to consume between 6.77 -
9.04 mg/kg daily from coffee alone. In the UK, caffeine tends to be consumed 
primarily from tea, followed by instant coffee, whereas in the USA, caffeine 
comes from ground coffee predominantly. A review by Snel (1993) showed that 
when healthy adults were given 40 mg caffeine shortly before retiring to bed, 
sleep onset latencies (duration of time taken to fall asleep) were increased. Other 
findings included:
• caffeine improved vigilance and removed the post lunch dip (Smith et al, 
1990)
• following regulated doses of caffeine, word list recall was improved in 
females but impaired in males (Arnold et al, 1987)
• 200 mg caffeine administered 30 minutes before retiring to bed disturbed 
sleep for the first three hours; however following this, normal sleep patterns 
were maintained and the duration of the sleep was comparable to the no­
caffeine conditions (Müller-Limroth, 1972)
It is a common perception that caffeine is a stimulant. Studies examining the 
effects of caffeine and coffee on psychomotor performance generally show that 
caffeine enhances performance. However Jacobson and Edgley (1987) found that 
whilst a moderate amount of caffeine enhanced performance, larger amounts can 
have no effect at all upon reaction time and other measures of psychomotor 
performance. This suggests that similarly to the bodies natural response to stress 
(Selye, 1956) a small amount of caffeine has a positive effect on performance, 
however more than a critical level can produce responses that are comparable 
with placebo. This inverted “U” phenomenon appears to be common to many 
things (stress, anxiety, caffeine, nicotine and alcohol). Hasenfratz and Battig
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(1994) conducted a dose response study, administering twenty female volunteers 
to 0 mg /kg, 0.5 mg/kg, 3.0 mg/kg and 6.0 mg/kg caffeine. Reaction times were 
found to be reduced significantly in a dose response fashion, however processing 
speed as measured by a rapid visual information processing task showed that 
although the lower doses of caffeine (1.5 mg/kg and 3.0 mg/kg) induced faster 
response times in the subjects, the high dose of caffeine was found to produce no 
differential effects when compared to placebo. It was also noted that following 
the high dose, there was a tendency towards more errors.
When examining the effects of caffeine on performance it is important to note 
that a subjects’ expectation of a drug can have a profound effect upon 
performance measures, as found by Kirsch and Weischel (1988). These 
researchers discovered that the expectation of the effects of caffeine had a 
significant effect upon subjective ratings of alertness, regardless of whether 
caffeine or placebo had actually been administered. This can also be the case with 
alcohol (see Fillmore and Vogel-Sprott (1995) discussion in section 1.13). It has 
also been noted that nicotine reduced the elimination half-life of caffeine; thus 
smokers should be controlled for or studied separately when experimentation into 
caffeine effects is planned.
Caffeine has often been used in benzodiazepine studies to examine whether the 
effects of the stimulant have an exacerbating or eliminating effect upon sedation. 
Loke et al (1985) conducted an experiment where healthy volunteers were given 
different doses of caffeine, diazepam and caffeine + diazepam. Reaction time 
measures were not taken in this trial, however results from other performance 
measures showed that where impairment was noted following the administration 
of diazepam, caffeine counteracted these effects.
Letter cancellation tasks have an element of response speed involved, as a subject 
has to detect a previously remembered letter and cancel any instances of that 
letter as quickly as possible from a page of random letters. Frewer and Lader
(1991) found that following a low dose of caffeine (250 mg), letter cancellation 
tasks were performed more quickly than under a caffeine 500 mg condition or 
placebo. On a Rapid Information Processing task, there was a dose response 
effect, with more correct responses occurring following the 500 mg dose of
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caffeine than following the placebo condition, with responses under the 250 mg 
condition falling between the two. Starmer et al (1995) found that in a four hour 
simulated driving task, performance was improved following caffeine 200 mg at 
two hours following the commence of the trial compared with that of subjects 
who were administered with placebo at the same time point. There were no 
significant effects for a simulated emergency stop however, or any effect on 
peripheral response measures. Physiological measures were altered following the 
ingestion of caffeine, suggesting that a reduction in fatigue was noted during the 
prolonged driving task. Smith et al (1993), Jarvis (1993), Lorist et al (1993), 
White et al (1980), Fine et al (1994) and Azcona et al (1995) all found that 
caffeine positively affected the speed of response on a single reaction time task. 
With the exception of Jarvis (1993) - discussed later in this chapter - all doses of 
caffeine were between 150 - 400 mg or 1.5 - 3.0 mg/kg caffeine examined in a 
clinical trial setting.
Azcona et al (1995) studied the effects of caffeine 400 mg on eight healthy male 
subjects. Assessments were made at 1.5, 2.5, 4 and 6 hours post dose. Caffeine 
was found to significantly decrease simple reaction time at all test points with the 
exception of the 1.5 hours post ingestion testing session. White et a/ (1980) 
examined the effects of caffeine 300 mg on thirty six healthy student volunteers 
who were divided into two groups according to their normal caffeine 
consumption (low and high users). These were then divided equally into caffeine 
and placebo groups. Findings suggested that although reaction time data were 
only available for 21 of the subjects, the caffeine group responses to the reaction 
time stimuli were significantly faster than the subjects in the placebo group at 15 
minutes post ingestion. There was no indication of high or low general caffeine 
consumption having an effect upon these results. Fine et al (1994) studied the 
effects of caffeine compared with diphenhydramine on a new visual vigilance 
task. Twenty three healthy male subjects were enrolled onto the study. The 
performance measure was a visual vigilance task involving 12 x 10 minute mini 
vigilance studies. These commenced 30 minutes post ingestion of the caffeine. 
Response times to the target were significantly faster following the caffeine than 
either the placebo or the diphenhydramine for the duration of the testing period. It
54
was noted however, that under the placebo condition, low users of caffeine 
performed significantly faster than high regular caffeine users. Smoking 
behaviour was also taken into consideration, and Fine et al (1994) found that in 
the placebo condition, non-smokers had faster reaction times than those of the 
smokers. There was no suggestion that the smokers were allowed to smoke 
during this 24 hour testing period, thus the slowed response times of the smokers 
may have been a result of withdrawal.
Lorist et al (1993) examined the effects of caffeine on 15 well-rested and 15 
fatigued subjects. Half of the subjects were kept awake overnight and tested 
between 04:00h and 06:30h. Subjects began the reaction time tasks 45 minutes 
following the administration of either 200 mg caffeine or a lactose placebo. A 50 
mg “top-up” dose was administered during the experimental session. Caffeine 
reduced the reaction time in all response time tasks, with a greater effect being 
noted for degraded stimuli. For the intact stimuli however, significantly fewer 
commission errors were made. For the stimulus response compatibility task, 
reaction times were shorter under caffeine conditions than for the placebo control 
group, especially for the fatigued subjects who also performed more poorly on an 
uncertainty task.
Smith et al (1993) also conducted an experiment on the effects of caffeine on day 
and night time performance. Twenty three subjects were allocated randomly to 
day/night or night/day testing regimes. SRT results showed that reaction times 
were slower at night, and that under this condition, caffeine improves 
performance. A five CRT task showed a significant effect of day-night. More 
correct responses were however made following caffeine intake. These latter two 
studies both show that the intake of caffeine reduces reaction time at all times of 
day and night. However, the drug may be more instrumental in the reduction of 
performance decrements often observed on measures of performance during the 
night.
Obome and Rogers (1983) studied the effects of caffeine (150 mg) on eight 
healthy subjects. Reaction times were measured from the Sternberg memory 
scanning task. Caffeine significantly reduced response speed compared to the no 
caffeine condition. In only two of the experiments reviewed here did caffeine
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have no significant effect on reaction time. Each of these studies were reported 
by Fagan et oZ (1988). In the first of these, eight healthy volunteers were tested 
following caffeine 200 mg or placebo. A tendency for shorter reaction times was 
noted following the ingestion of caffeine, although the results were not 
significant. In the second of these studies, 10 healthy subjects followed the same 
procedure. Again tendencies were noted towards faster response times following 
the caffeine 200 mg, although again significant levels were not reached. The 
researchers suggested that caffeine can enhance the readiness to respond, 
however when a task is over-learned, this readiness to respond becomes an 
improvement in performance. As the authors give no indication of any training 
for any measure examined in this paper, this could be the effect that they are 
noting in a non-significant fashion.
Jarvis (1993) conducted the only non-clinical trial of effects of caffeine that was 
found in the review of this literature. 7414 subjects participated in the study, 
where nurses visited and completed questionnaires with the subjects regarding 
coffee consumption and conducted cognitive tasks. Findings showed that coffee 
and tea consumption is related in an inverse fashion and often to social status. 
SRT and CRT were found to be 6% and 4% faster for those who drank an 
average of more than 6 cups of coffee per day compared with non-caffeine users. 
SRT was also improved in individuals who consumed high levels of tea daily. 
Further analysis showed coffee to increase the performance improvements to a 
greater extent than tea, and that all effects of tea, coffee and general caffeine 
intake had a greater impact on older than younger subjects.
Caffeine when administered in high doses can induce anxiety and panic attacks 
(Youngstedt et al, 1998; Kaplan et al, 1997; Bruce, 1990) and these may have 
deleterious effects on performance. Dose related increases in levels of anxiety 
with increasing levels of caffeine were detected by Nickell and Plude (1994) and 
Chamey et al, 1984 showed that anxiety levels (measured from rating scales) 
significantly increased following the ingestion of caffeine. Caffeine also 
increases anxiety in patients suffering from anxiety and panic disorders (Lee et 
al, 1988; Chamey et al, 1985) with Boulenger et al, 1984 suggesting that patients
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suffering from panic disorder are more susceptible to the adverse effects of coffee 
than healthy counterparts
These findings are refuted by Lieberman et al (1987) who showed that even at 
high doses (of 256mg), healthy male subjects reported no increase in anxiety 
from self rating scales, while Kaplan et al, 1997 found that in low doses, caffeine 
produced feelings of elation, peacefulness and pleasantness.
1.11.3 Withdrawal Effects of Caffeine
The rate of metabolism of caffeine varies between individuals, however generally 
is between 3-6 hours and this rate is almost constant within individuals. This rate 
is affected by exercise (Collomp et al, 1991) and the Oral Contraceptive Pill 
(Rail, 1985) which decrease the rate of metabolism and by liver disease, 
pregnancy and smoking (Kalow, 1985) which increase in rate of metabolism. 
Caffeine withdrawal is estimated to develop symptoms following 12-24 hours of 
abstinence (Nehlig er a/, 1992).
One area of contention in the study of caffeine is the question, is the increase in 
performance a direct result of the caffeine, or a result of the alleviation of the 
withdrawal effects? Most often in psychopharmacological studies of caffeine, 
researchers ask that the subjects refrain from using caffeine for the overnight 
period before testing begins (Goldstein et al, 1969; Leiberman et al, 1987; Fagan 
et al, 1988; Loke and Goh, 1992; Fine et al, 1994; Hasenfratz and Battig, 1994). 
This leads to the suggestion that the effects of caffeine following this abstinence 
are merely a restoration to normal levels of performance in a non-deprived state 
(James, 1994). This review of the literature showed two studies in which the 
performance of non-users of caffeine was improved following a dose of caffeine 
(Richardson et al, 1995, 70mg caffeine; Kuznicki and Turner, 1986, 160mg 
caffeine), which suggested that caffeine itself facilitates performance in both 
subjects who normally do not consume caffeine and habitual users. Smith (1999) 
conducted a study examining the effects of an acute dose of caffeine in two study 
populations. One group were allowed to drink caffeine as normal and the other 
was deprived of caffeine for a week. Testing took place in both groups on the day 
prior to the one week controlled consumption period and on day 7 of this period. 
Findings showed that performance was improved in all subjects following the
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acute dose of caffeine on both the baseline testing day and on day 7. This study 
also suggests that there is evidence of the performance enhancing properties of 
caffeine both among normal caffeine users and among deprived users.
James (1994) suggested that any improvements observed in performance are in 
fact only an effect of the reversal of the withdrawal symptoms. Warburton (1995) 
argued against this suggesting that “the mood and performance enhancing effects 
of caffeine cannot be seen as representing the alleviation of deficits induced by 
caffeine abstinence, but rather as absolute improvements”. The evidence shown 
here supports that of Warbuton (1995), suggesting that there is a positive effect 
of caffeine (at these doses) regardless of previous use of caffeinated products.
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1.12 Nicotine and Reaction Time
1.12.1 Pharmacology o f Nicotine
Nicotine is one of the most widely used licit drugs in the world. 28 % of adults 
still smoke cigarettes due to having a dependence upon them, and more people 
start smoking every day. Nicotine itself is a tertiary amine which is found in the 
leaves of the tobacco plant.
Within the CNS, nicotine acts upon acetylcholine receptors(ACh, a 
neurotransmitter). The nicotine molecules are similar in shape to ACh, hence 
their ability to bind with these post synaptic receptor sites, Taylor and Jones 
(1998). The resulting action potentials can produce two types of action 
(muscarinic and nicotinic). The muscarinic effects of ACh can be reproduced by 
an injection of muscarine and eliminated by the administration of atropine. 
Following the break down of muscarine, larger doses of ACh produce effects 
very similar to those of nicotine:
i) Stimulation of autonomic ganglia
ii) Stimulation of voluntary muscle
iii) Secretion of adrenaline from the adrenal medulla
Nicotinic receptors are found both centrally and peripherally (in the latter in both 
the neuromuscular junction and the ganglionic synapse), and nicotine is a drug 
that will affect ganglionic nicotinic receptors preferentially. Prolonged 
depolarisation of the ganglion by nicotine (either from smoking or from an 
injection of nicotine) inhibits the post synaptic action of ACh. The acute effects 
of nicotine can be blocked by the administration of mecamylamine which is an 
antagonist at the nicotinic ACh receptors.
Nicotine has differential effects depending upon the site to which it binds.
At the cellular level nicotine causes neuronal excitation similar to that found at 
the neuromuscular synapse and the autonomic ganglia by opening ion channels.
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A t the spinal level nicotine causes the relaxation of skeletal muscle (measurable 
by EEG) by causing an inhibition of the spinal reflexes.
At the higher level the brain and CNS can be affected in either direction 
(excitatory or inhibitory) by the administration of nicotine, depending upon the 
dose of the drug, and the circumstances of the individual at the time of 
administration. It has the effect of ‘waking up’ subjects when they are drowsy 
and calms them when they are tense. These effects can again be measured by the 
application of EEG recording equipment. Reaction time and vigilance tasks tend 
to show improvement following smoking. However, as will be discussed later, no 
adequate placebo has ever been developed.
At the peripheral level, nicotine stimulates autonomic ganglia and the peripheral 
sensory receptors, causing tachycardia, an increase in cardiac output and 
increased arterial pressure, the reduction of gastrointestinal motility and 
sweating. Repeated dosing reduces these peripheral effects but leaves the central 
effects intact.
The results of Pharmacokinetic tests show that nicotine is the only active 
component of cigarettes (other than the carcinogens) which is present in 
sufficient in enough quantity to produce systemic effects. It is however suggested 
that in heavy smokers the carbon monoxide may also play a role. Cigarette smoke 
is rapidly absorbed through the lungs, but slowly through the mouth. Cigar and 
pipe smoke is absorbed more quickly through the mouth. A single cigarette 
smoked over a 10 minute period produces peak nicotine plasma levels of 20-30 
ng/ml, which fall quickly to about half that level within around 10 minutes. This 
plasma level then drops more slowly over the next 2 hours.
Tolerance and Dependence on nicotine are well documented and incorporate 
three factors:
i) Tolerance
ii) Physical dependence
iii) Psychological dependence
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Peripheral tolerance is developed quickly, and there is only a minor amount of 
tolerance noted in the central area. It has been noted that heavy smokers develop 
more nicotinic receptors than non-smokers.
1.12.2 Pharmacodynamic Effects o f Nicotine
Sherwood et al (1990a) examined the effects of 0 and 2 mg nicotine gum on 6 
heavy smokers, 6 light smokers and 6 non-smokers. The doses were given in a 
randomised order. The CRT task from the LPT was conducted (among other 
measures of psychomotor performance) at baseline, 0.5, 1.0, 2.0, 32.0 and 4.0 
hours post dose. Results for the MRT aspect of the CRT showed that response, 
speed was faster following the dose of nicotine than following the placebo 
condition. In this study, the smokers were at their preferred levels of nicotine on 
arrival at the test centre.
Sherwood et al (1992) tested the effects of nicotine gum in 13 regular smokers 
who had abstained for the previous overnight period. Doses of nicotine gum were 
0 mg and 2 mg. Doses were given at the rate of 1 piece of gum an hour from 
09:00h on the morning of the test days. After all doses of nicotine gum, the MRT 
aspect of the CRT became faster than at baseline testing, significantly so 
following the second and third doses of gum. The motor responses were also 
faster following the second and third doses than following placebo (although 
these results were not significant). For the PRT aspect of the tracking task, 
placebo tended to increase response speeds following each dose compared with 
baseline.
Hindmarch et al (1990a) conducted two studies relating to this: In the first, 6 
smokers were given 0, 2 or 4 mg nicotine gum. As in the Sherwood studies CRT 
was tested among other psychometrics. RRT increased following placebo at 3 
and 4 hours post dose, possibly a fatigue effect. MRT was significantly reduced 
compared with placebo following 2 and 4 mg nicotine gum, in a dose response 
fashion. In the second study, five non-smokers completed the study. The test 
battery of study one was utilised and nicotine gum 0 mg and 2 mg were 
administered. No significant effects were noted on any measure of CRT or the 
peripheral RT component of the tracking task, suggesting that nicotine gum 2.0 
mg has no effect on psychomotor performance.
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Hatsukami et al (1992) conducted two experiments: In the first, 20 regular users 
of smokeless tobacco were examined on their psychomotor performance. One 
group was allowed to continue to use the smokeless tobacco freely throughout the 
trial, whilst the other 10 subjects were made to abstain from use. Baseline 
measures were compared with responses given on days 5 and 8. Abstinent 
smokeless tobacco users showed a significant increase in reaction time on both 
days 5 and 8 compared with baseline. In a further experiment, Hatsukami et al
(1992) enrolled 60 regular users of smokeless tobacco into their study. Baseline 
measures were taken on day three, while the subjects were all freely using their 
own smokeless tobacco products. On days 3 - 8 ,  all subjects were asked to refrain 
from using smokeless tobacco and use instead, either 0 mg, 2 mg or 4 mg 
nicotine gum. All subjects had to chew at least 6 pieces of gum per day. 
Hatsukami et al (1992) found that there were no significant differences between 
groups for the reaction time task on days 2 or 5 of the gum chewing period. They 
therefore suggest that even the placebo (0 mg nicotine gum) has an effect on the 
withdrawal effects of smokeless tobacco.
Kerr et al (1991b) conducted a study on 5 female smokers and 5 female non- 
smokers. In this experiment where the combined effects of social drugs were 
being examined, there were 8 conditions:
1- Alcohol+caffeine+nicotine
2- Caffeine piacebo+nicotine placebo+alcohol placebo
3- Alcohol placebo+caffeine+nicotine
4- Alcohol+caffeine placebo+nicotine
5- Alcohol+caffeine+nicotine placebo
6- Alcohol+caffeine placebo+nicotine placebo
7- Alcohol placebo+caffeine placebo+nicotine
8- Alcohol placebo+caffeine+nicotine placebo
All subjects undertook all conditions. Nicotine and caffeine both alone and in 
conjunction decreased MRT. None of the drugs affected RRT or TRT. PRT 
showed no change under any of the drug conditions. •
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Newhouse et al (1992) examined the effects of the nicotinic receptor blocker 
mecamylamine 5,10 and 20 mg in 12 healthy non-smokers. The results showed a 
dose response curve, with an increase in dose producing an increase in overall 
reaction time. The authors suggested that mecamylamine taken by smokers 
increases the subsequent quantity of cigarettes smoked, demonstrating that, by 
blocking the nicotine receptors, more cigarettes are required to maintain the 
optimum level of nicotine in the system. The discussion of this research suggests 
that this drug, blocking the nicotinic receptors has the inverse effect of nicotine 
and impairs cognitive performance and could therefore lead to a greater 
understanding of the role of these receptors “in normal cognition and dementia”. 
These findings resemble studies that deprive chronic smokers of nicotine.
Le Houzec et al (1994) conducted the only sub-cutaneous nicotine study 
examined in this literature review. 12 healthy non-smokers were enrolled into 
this study. All subjects undertook a control visit, a 0.8 ml saline treatment and a 
0.8 mg nicotine in 0.8 ml saline treatment. Stimulus Evaluation Response 
Selection (SERS) reaction time task was conducted at 15 and 45 minutes post 
dose. None of the effects at 45 minutes post dose were significantly different 
from the control visit. At 15 minutes post dose however, there was a speed / 
accuracy trade off. When subjects were told to respond as fast as possible, more 
errors were made. When subjects were told to keep the number of errors 
committed to a minimum, responses became slower. Nicotine increases the 
number of fast responses without increasing the number of errors compared with 
the saline treatment or the control visit. However for the mean reaction times, 
nicotine increased speed significantly, only compared to the control visit.
Bates et al (1994) examination of the effects of smoking cigarettes on CRT tasks 
with different numbers of stimuli (1 choice (SRT); 2 CRT; 4 CRT or 8 CRT). 
The nicotine conditions were no smoking; smoking a sham (nicotine free) 
cigarette; a 0.4 mg nicotine cigarette; a 0.8 mg nicotine cigarette or a 1.2 mg 
nicotine cigarette. Decision time (RRT) and motor time (MRT) were measured. 
Each ‘bit’ of choice added around 20 msec to the response time. Sham smoking 
increased RRT compared with the no smoking condition. However, the doses of 
nicotine decreased the RRT in a dose response fashion. MRT was not
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significantly affected by nicotine but was again increased as the number of 
choices increased. In a later study, Bates et al (1995) conducted a similar 
experiment. In this trial, the reaction time tasks were a 2 CRT narrowly situated,
2 CRT widely situated, 4 CRT narrowly situated and 4 CRT widely situated. The 
nicotine conditions were sham smoking (a nicotine free cigarette) and nicotine 
(0.8 mg nicotine cigarette). RRT was again linearly related to ‘bits’ of choice and 
the spacing of the response buttons. Nicotine reduced RRT in all conditions, 
however no mention of significance was made. MRT was not discussed in this 
paper.
Many researchers have examined the effect of nicotine on a variety of reaction 
time tests. A selection of which are reviewed here. Pritchard et al (1992) studied 
24 smoking volunteers enrolled into a study to examine the effects of smoking in 
non-deprived smokers on a reaction time task. The task was a continuous 
performance task with a RT component and the conditions were smoking (0.6 mg 
nicotine cigarette) or non-smoking. Target and non-target reaction times were 
recorded as being faster during the smoking condition than the non-smoking 
control. Newhouse et al (1992) found that nicotine increased speed on an RT task 
and made no increase in the number of errors committed, suggesting that nicotine 
affects some speed and accuracy function or simply just attention. Newhouse 
postulated that nicotine affects only fast reaction times as a function of dose 
level. Spilich et al (1992) examined 60 subjects divided into groups of active 
smokers, deprived smokers and non-smokers. Reaction times from a visual / 
attentional task were calculated. Spilich et al (1992) found that the non-smokers 
performed more quickly than the other two groups, although the active smokers 
performed significantly faster than their deprived counterparts. Prearson et al
(1988) examined the effects of intelligence, smoking and reaction time in a 
sample of 109 subjects. Cigarettes were given in 4 doses, intended to be as close 
in strength as possible to the subjects’ regular cigarettes. Smoking was found to 
decrease reaction times when 2 CRT or 4 CRT was tested. From a second “odd 
man out” task, they were able to conclude that natural smoking in a smoker 
improves the performance on an IQ related task. Therefore they conclude that 
reaction times are significantly related to IQ. Sherwood (1995b) tested 12
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smokers who had to perform a simulated driving task. Brake reaction times were 
measured. Cigarettes containing <0.1 mg, 0.6 mg, 1.0 and 2.1 mg nicotine were 
administered five minutes into the 1 hour task in a randomised fashion, each on a 
separate study visit. Each of the nicotine conditions improved BRT compared 
with the <0.1 mg (placebo) cigarette, although these effects began to wear off 
during the latter 30 minutes of the experiment.
Warburton and Amall (1994) examined the performance of 200 males (100 
smokers and 100 non-smokers), measuring reaction times from an RVIP task.
The smokers were asked to refrain from smoking for 10 hours prior to testing. 
There were no significant differences between the reaction times of the smokers 
and non-smokers. A follow up study in 20 healthy smokers revealed that smoking 
during the RVIP task decreased reaction times significantly, although there were 
no differences between a group deprived for 1 hour and a group deprived for 12 
hours. Shiffman et al (1995) compared the effects of withdrawal from nicotine on 
26 chippers (people who habitually smoke less than 5 cigarettes per day) and 25 
regular smokers. 2 conditions were tested: smoking normally; and abstinence for 
two days and three nights. SRT was measured among other both subjective and 
objective measures. SRT was not affected by smoking or abstinence in either the 
chippers or regular smokers. Smith et al (1977) examined the effects of smoking 
and caffeine on reaction time. 8 healthy subjects, all of whom were smokers and 
coffee drinkers were enrolled into the study. Caffeine was given in 3x2 doses 
(200 mg and 0 mg) and Nicotine was given in 2x3 doses (0 mg, 0.3 mg and 1.3 
mg). TRT showed significant decreases for both caffeine and nicotine, although 
no interaction was evident. MRT showed a significant reduction in response 
speed following caffeine, but no effect was evident from the doses of nicotine.
Hatsukami et al (1993) investigated the duration of the use of nicotine gum as an 
indicator of the effectiveness of giving up smoking. 128 subjects enrolled into the 
study and were randomly assigned to a one month trial of 2 mg nicotine gum or a 
three month trial of taking nicotine gum. All subjects had to actively want to quit 
smoking. 71 subjects complied with all criteria. The one month group chewed 
equivalent amounts of gum to the 3 month group. At baseline, both groups 
showed equal amounts of nicotine withdrawal. However following the
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discontinuation of gum, the three month group reported less severe withdrawal 
symptoms. The three month group also required less time to complete a reaction 
time task, both while on gum and following the discontinuation of the treatment. 
Abstinence from both continued nicotine gum use and reverting back to smoking 
was less in the three month group at a 12 month follow up examination. 
Sommese and Patterson (1995) examined the effects of withdrawal from nicotine 
on flying performance. A review of articles showed, among other findings, that 
following one hour of abstinence, performance decrements were noted on 
reaction time and tracking ability in a simulated aircraft condition. However, 
many of the articles reviewed here state that no performance decrements were 
noted following nicotine deprivation. Sommese and Patterson (1995) therefore 
conclude that further research is required in order to illuminate fully the 
implications of abstinence upon the performance of an aircraft pilot.
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1.13 Alcohol and Reaction Time
1.13.1 Pharmacology of Alcohol
Ethanol is not thought to produce its effects by binding to particular receptors. It 
acts more generally, by reducing the post-synaptic responsiveness of a neuron 
and decreasing transmitter release. There are no receptors that are direct sites of 
action for ethanol or alcohol.
Ethanol is a small water soluble molecule that is absorbed rapidly from the 
gastrointestinal tract. Peak blood levels are recorded within 40 minutes of alcohol 
consumption when the person is in a fasting state, however, the presence of food 
in the digestive system delays this absorption. A typical adult metabolises 7-10 g 
of alcohol per hour. Once absorbed, alcohol is metabolised into acetaldehyde, 
which is then itself further broken down to acetate, which can be further broken 
down into carbon dioxide and water (Goldstein, 1983).
Alcohol affects the CNS more than any other organ system in the body. 
Consumption of alcohol leads to sedation, relief of anxiety, slurred speech, 
ataxia, impaired judgement and uninhibited behaviour. These effects are 
commonly known as ‘drunkenness’.
The ingestion of alcohol has diverse effects, with low doses of ethanol increasing 
the firing rate of dopamine containing neurons, while higher doses of the drug 
inhibit the firing rate. In other systems (e.g. the midbrain raphe nucleus and the 
hippocampal neurons) only inhibitory effects are noted.
Chronic consumption of alcohol can lead to the impairment of vital organs 
especially the liver, as this is the organ of the body in which the majority of the 
metabolism of alcohol is undertaken. Other effects of chronic alcohol 
consumption over a period of years are impaired motor and intellectual functions, 
impaired memory for recent events, emotional problems and reduced perceptual 
acuity. Withdrawal from the chronic use of alcohol is unpleasant and in mild 
cases, hyperexcitability and discomfort are noted; however in extreme cases, 
toxic psychosis, convulsions and delirium tremens are frequent. The chronic 
abuse of alcohol can lead eventually to cirrhosis of the liver and death, however
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high percentages of other types of death are prevalent due to the chronic 
consumption of alcohol, namely cancer, the increased risk of accident and suicide 
(Rang and Dale, 1936).
A single drink usually contains 8-12 g (0.17-0.26 moles) of ethanol, and in a 
single drinking session, it is not unusual to consume 1-2 moles of the drug. In 
this respect, alcohol/ethanol is unique, ‘the consumption of ethanol far exceeds 
that of any other drug’ (Rang and Dale, 1936).
1.13.2 Pharmacodynamics o f Alcohol
Alcohol in doses as low as 0.5 g/kg has been shown to have deleterious effects on 
CFF, RRT, MRT and TRT, tracking ability (both RMS and PRT) and on short 
term memory (Hindmarch et al, 1990b).
Maylor et al (1989) conducted a study in which each of twenty subjects were 
given placebo in the first one hour long session. In the second session, half of the 
subjects had placebo a second time, and half had 0.8 mg/kg alcohol/body weight. 
Subjects had to respond to a stimulus as quickly as possible and when they felt 
that they had made a very speedy response, press an additional “fast key” in order 
to let the experimenter know that they felt they had performed well. There was no 
interaction between the “fast” responses and alcohol. The alcohol condition 
significantly increased response times overall compared with the no alcohol 
condition. However alcohol had no effect on the ability to judge the speed of 
response.
Heacock and Wikle (1974) enrolled twenty adult volunteers into a study to 
examine the effects of alcohol on reaction time similar to the brake reaction time 
task employed in the Sherwood (1995b) experiment. The subject had to keep one 
foot depressed on a pedal. When a stimulus light was illuminated the subject had 
to move the foot from the right pedal and place it on a second left pedal. The 
placebo group performed on 5 different occasions under the influence of no 
alcohol. The alcohol group performed under 0, 2, 4, 6 and 8 oz alcohol mixed 
with “a fizzy drink”. Both reaction time and distance judgement measures were 
taken. There was no effect of alcohol on reaction time, but distance judgement 
was affected adversely by alcohol, in a dose response fashion.
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King (1975) studied four subjects who each conducted 2 types of RT task: One 
was a ballistic movement in response to a buzzer; one was the ballistic movement 
initiated by the subject. RRT was significantly slower following doses of 
1.33g/kg alcohol compared with baseline in a similar fashion whether cued by the 
subject or the buzzer.
Robinson and Peebles (1974) examined four CRT tasks: One with two choices of 
response and high compatibility between stimuli and responses; one with four 
choices and high compatibility between stimuli and responses; one with two 
choices and low compatibility between stimuli and responses; and one with four 
choices and low compatibility between stimuli and responses. 30 male subjects 
completed 7 experimental sessions. Alcohol conditions were 0 ml/kg; 0.321 
ml/kg &0.664 ml/kg. Subjects were assigned to a condition and the first 5 days of 
the trial were baseline and learning days. On day 6 the alcohol was given. The 
four choice low compatibility group was significantly impaired by the effects of 
alcohol. The placebo group were significantly faster (possibly due to increased 
motivation to perform well under social alcohol testing conditions) compared to 
day 5, the low dose impaired four choice tasks but the high dose of alcohol 
significantly impaired all measures of CRT.
Lubin (1977) studied 15 males who were given 0 ml/kg, 0.95 ml/kg or 1.32 ml/kg 
alcohol. The reaction time task gave feedback on performance compared with the 
last response, however this actually had no relevance to the last response. A 
significant effect of alcohol was noted which the feedback could not manipulate.
In an experiment by Sommer et al (1993), 26 male subjects were randomly 
assigned to the placebo or alcohol (6 mg alcohol/100 ml blood). Subjects had to 
differentiate between a square and a diamond (in the easy condition) and a circle 
and an octagon (in the hard condition) and press the correct response button for 
each stimulus. Discriminability affected reaction time, but alcohol had no effect 
on the mean reaction times or the discriminability.
Maylor et al (1992) examined 2 CRT, 4 CRT and 8 CRT in 24 male subjects 
under an alcohol (1.0 ml/kg) condition and placebo (no alcohol). The effect of 
practise was significant with reaction times decreasing over the two sessions for
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all subjects. Alcohol and the number of choices also had significant effects on 
reaction times.
Ryan et al (1996) tested the theory that alcohol induces a general “cognitive 
slowing”. Thus any task which takes time to complete will be slowed further by 
the administration of alcohol. 24 subjects were assigned to an alcohol group (1.0 
g/kg) or a placebo group. Three types of reaction time task were measured:
Varied set; fixed set or concurrent set. Response times were significantly slower 
following the alcohol than placebo. However there was no significant effect of 
set size for the varied set task. The same applied to the fixed set task. The effects 
of varied and fixed sets had a significant effect under the concurrent set 
condition, there was no significant effect of alcohol upon these variables.
Hindmarch et al (1992b) examined gender differences on a simulated car driving 
task and PRT as well as CRT. 9 male and 9 female subjects were enrolled into a 
placebo controlled crossover study, with five conditions (placebo; 0.25 g/kg; 0.5 
g/kg; 0.75 g/kg and 1.0 g/kg alcohol). RRT increased significantly with the dose 
of alcohol, shown more prominently in women than men. No effects were noted 
on the MRT task. TRT alcohol and sex effects were significant. Females were 
more impaired than males. Significant dose response effects were noted for PRT.
Golby (1989) examined the effects of 0.8 g/kg alcohol and placebo on 14 skilled 
or moderately skilled female hockey players. Gross body CRT was measured 
using weight sensitive pads on the ground. The alcohol affected gross body CRT 
significantly as did the level of skill and a significant interaction between the two 
was found.
Maylor and Rabbitt (1989) attempted to address the question of whether ‘the 
speed at which a subject responds to a stimulus dependant upon whether or not 
the subject is optimally prepared for the response before the stimulus appears 
(i.e., preparation) or as a result of the processing which occurs following the 
stimulus alone?’ Are these controlled by separate processes or are they linked? 
The latter view is that suggested by the notion that CRT is all about information 
processing. As the response stimulus interval (RSI) increases from 0 -300 ms the 
reaction time decreases, likewise with a warning signal in SRT trials (Rabbitt, 
1969, 1980). Elderly people and the young benefit equally from the optimum
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RSI; there is no age factor there. There is a supposition that people who have 
obtained a high degree of practise at some skills such as driving may compensate 
for a decrease in information processing rate following the ingestion of sedative 
drugs such as alcohol. Highly practised individuals are able to efficiently 
anticipate events and prepare for them in advance, even when under the influence 
of a drug. Thus leading to the question: In a simple task, do alcohol and practise 
have separate or common effects on rates of preparation and processing? 0.8 
ml/kg alcohol was given to subjects in a blind fashion. Maylor and Rabbitt
(1989) found that following an error, the subject ’adjusts the amount of evidence 
required before responding, so that correct responses following an error are 
abnormally slow, and without alcohol, abnormally accurate’. Speed is then built 
up again over a series of correct responses, until another fast error occurs 
(Laming, 1968). Maylor and Rabbitt (1989) suggested that this reduction in speed 
following an error is unaffected by alcohol. The main effect of alcohol was to 
slow response speed overall by 40 ms. Alcohol did not affect response accuracy, 
although trend towards increasing error rate. Practise resulted in faster but less 
accurate performance. If two subjects had had an equal amount of training, it 
would be impossible to detect a difference between a fast drunk subject and a 
sober slow subject. It would however, be possible to distinguish between a 
practised drunk and an untrained sober person.
Fillmore and Vogel-Sprott (1995) found that the expectancies of people have an 
effect on psychomotor performance. Novice and experienced drinkers (14 of 
each) were enrolled into a study examining the effects of alcohol (0.56 g/kg) and 
no-alcohol. Half of each group were assigned to each condition and tested on a 
pursuit rotor task. They found that the experienced drinkers expected more 
impairment from the dose of alcohol and accordingly performed worse than the 
novice drinkers who were not as sure what to expect from the dose of alcohol.
Azcona et al (1995) examined the effects of caffeine and alcohol on eight male 
subjects. Conditions reported in this trial were placebo, alcohol (0.8 g/kg) or 
alcohol + caffeine (400 mg). A SRT task showed that alcohol increased response 
time whilst caffeine decreased it. The combination of the two drugs wiped out the
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significant effects in either direction producing no significant change from the 
placebo condition.
Obome and Rogers (1983) tested alcohol and caffeine on eight subjects. 
Experimental conditions were as follows: Alcohol 2.2 mg/kg; caffeine (150 mg); 
alcohol 2.2 mg/kg + caffeine (150 mg); or no drug. The task was the RT 
component of the STM. Memory set size and alcohol significantly increased 
reaction time and the caffeine + alcohol condition resulted in even longer 
response times. This finding suggests that the caffeine exacerbates the deleterious 
effects of alcohol.
Millar et al (1992) examined the effect on performance of eating a meal before 
alcohol. Tasks included PRT and 5 CRT. 133 male subjects were allocated to 
food or no food + alcohol in dose-to-body-weight ratios to give 0, 20,40 and 80 
BAL mg/100 ml. Peripheral reaction time (PRT) was significantly increased in a 
dose response fashion, although the prior ingestion of food significantly reduced 
these compared with the fasted condition. For the CRT, there was no significant 
difference of alcohol or food on MRT or any alcohol effect on RRT but in food 
conditions, the RRT was faster following a meal than in the fasted group. This 
finding only occurred in the alcohol group. There was no effect of food in the 
placebo group.
1.14 General Literature Review and Discussion
We can see from the above that there are some discrepancies in reaction time 
findings both within and between research groups. To reduce the possibilities of 
this happening in the future, researchers should use a standardised, well 
established battery of tests that incorporate all aspects of the CNS. As this thesis 
is devoted purely to reaction time, it is aimed that by using a standardised 
reaction time task, the results from the studies in the following chapters will be 
replicable in the future, and show accurate details of changes in functioning with 
the administration of the test compounds. The studies examined in chapters two, 
three and four of this thesis will use an existing reaction time task (from the LPT, 
Hindmarch, 1979) and look at the test compounds in a novel way. Chapter five 
will discuss a new reaction time task, developed from the theory of Hick, 1952
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(with a description of the validation processes it went through and some 
preliminary data), and in chapter six this new task has been used in three 
experiments using well researched and established psychotropic compounds. The 
methods and times of testing in these three experiments are very typical of 
psychopharmacological research on various test compounds. Thus we have old 
testing measures in novel situations and a novel task in old situations: Two new 
angles on reaction time. In all instances, reaction time measures are concentrated 
upon, although other psychometric measures used are presented in order to obtain 
the widest picture of the psychoactivity of the various test compounds.
73
2 C h a p te r  Two: P r a c t is e  E f f e c t s
2.1 Chapter Outline
This chapter examines the effects of practise and repeated testing on a young and 
an elderly population. It is, in effect, a methodological chapter to show why 
training should be given prior to the start of a trial, and to which specifications 
the training undertaken has been conducted. The rationale behind the amount of 
training given has also been examined. There has been much debate in the field 
of psychopharmacology about learning effects (McClelland, 1987) that occur as 
subjects become practised on various psychometric tests. It is argued that any 
such learning effects occurring during a clinical trial could invalidate the results 
obtained by the research group. This chapter aims to show that there is a 
minimum level of training required in order that the results obtained by a clinical 
trial are not confounded by any learning effects. The use of a young population 
and an elderly population illustrates that a similar amount of training is required 
by both groups preceding a clinical trial to produce reliable data which is free 
from any effect of learning.
2.2 The Effects of Practise in a Young Healthy Population
2.2.1 Introduction
The use of valid and reliable psychometric tests is paramount in the field of 
psychopharmacology. They also need to be sensitive to the effects a drug may 
have on the CNS. In psychopharmacological studies drug effects are measured 
using tests that have been validated previously. Critical Flicker Fusion (CFF, 
Hindmarch, 1982; Parrott, 1982a; Parrott 1982b) and Choice Reaction Time 
(CRT, Frewer and Hindmarch, 1988) are two commonly used and validated 
psychometric tests to determine the effect a compound has on the CNS. As a 
result of this established validity, they are widely used as a measure of drug 
effects and therefore most studies do not fully described the training and testing 
procedures themselves.
In many cases, research papers state that training on psychometric tests was given 
to the subjects prior to the trial commencing, in order to eliminate learning
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effects from the data. The amount of training given however, is rarely specified 
(Hasenfratz and Bàttig, 1994; Bourin et al, 1994; Norman et al, 1990).
McClelland (1987) conducted a study to investigate the effects of practise on 
measures of performance. He found that for a two-choice reaction time task, 
learning effects were noted, with a peak and “plateau” after the fourth exposure 
to the task, although these results only approached significance. McClelland 
(1987) also found that any learning on a flash fusion task was complete by the 
fifth session, whilst for the majority of the other performance tasks examined, no 
significant effects of practise were observed.
However the flash fusion and two-choice reaction time equipment used by 
McClelland differ from the Critical Flicker Fusion and Six-Choice Reaction 
Time equipment that is used in the research present in this thesis. It was therefore 
felt necessary to repeat the experiment using the CFF and CRT from the Leeds 
Psychomotor Tester (LPT) developed by Hindmarch (1979). These measures are 
used throughout this thesis and the findings aim to illustrate that all volunteers 
participating in trials discussed in this thesis were trained up to a certain 
predetermined level.
Trials were conducted over a one week period to give an indication of how much 
exposure to these tests a person needs in order to maintain constant scores on 
both tasks. As CFF thresholds are a measure of psychophysiological function and 
only respond to actual psychophysical changes (Levander, 1982), it was not 
anticipated that any learning effect would be noted and that the scores would 
remain reasonably constant for the duration of the trial. The CRT test requires 
practise to maintain a constant score and this study aimed to show how much 
practise was needed to reach a “plateau” on this learning curve.
2.2.2 Subjects
14 healthy volunteers (2 male and 12 female), aged between 19 and 56 years 
(mean 30.35 years) were admitted to this study. All subjects satisfied the 
inclusion/exclusion criteria in that they were in good physical and mental health, 
with no family history of major psychiatric illness, and all were free from 
concomitant medication (excluding the oral contraceptive pill), likely to interfere
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with any of the test measures. Subjects were naïve with respect to the 
experimental hypothesis.
2.2.3 Procedure
The subjects arrived at the test centre on day one, and conducted 6 CFF and CRT 
trials (the time factor), with intervals of 10 minutes between tests. On days two, 
three and four the two tests were conducted only once, and on day five, the 
testing procedure of day one was repeated. This test regime was designed to 
enable comparison of results at two levels:
i) Over time on the same day, to simulate the experiences gained by 
volunteers on one day of a clinical trial
ii) To enable comparison of the first trial on days one and five with the data 
gained on days two, three and four, thus giving an indication of the 
behaviour of subjects returning to a test site for subsequent test sessions
On all occasions, the subjects were tested at the same time of day to control for 
changes in circadian rhythm. All subjects were regular users of caffeine and two 
subjects were smokers. All subjects were therefore asked to regulate their 
caffeine, nicotine, food and alcohol intake for the duration of the trial.
2.2.4 Assessments
All assessments were described in detail in chapter one (section 1.6) along with a 
rationale for their use, therefore at this stage of the. thesis, a list of the measures 
used in this study is all that will be provided.
• Choice Reaction Time
• Critical Flicker Fusion Threshold
2.2.5 CRT 
Statistical Analysis
As there was a significant effect of time on day 1, the results for the Choice 
Reaction Time task were analysed in order that the first exposure of the task of 
days one and five were compared to the single tasks conducted on days 2, 3 and 
4. In these analyses, there was a single factor (day) with 5 levels.
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Figure 2.2.1
SEM’s were all between 18.30 and 22.05 ms
Post-hoc analyses showed that TRT was significantly faster on days three, four and five than on day
Figure 2.2.2
This graph shows mean RRT in milliseconds for n = 14 subjects. RRT results were taken from the 
first trial on days one and five and from the only trials on days two three and four. Standard Errors of 
the mean were omitted from the graph for clarity.
SEM’s were all between 7.07 arid 16.16 ms.
Post-hoc analyses showed that RRT was significantly faster on days two, three, four and five than on 
day one.
Results
The results for the Choice Reaction Time test showed that for the Total Reaction 
Time (TRT) there was a significant difference between the scores on day 1 and 
the scores for the remainder of the trial, indicating an effect of day (F(4,44)=5.49, 
pcO.OOl) as scores dropped over day 1 to maintain a constant level (figure 2.2.1) 
for the duration of the trial.
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Figure 2.2.1: TRT results from the repeated testing study, showing the response 
speeds over the five daysl
Results from the Recognition Reaction Time (RRT, figure 2.2.2) followed 
exactly the pattern displayed the TRT responses. The scores dropped significantly 
(F(4,44)=5.45, pcO.OOl) over the testing period on day 1, then maintained a 
“plateau” for the remainder of the trial.
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Figure 2.2.2: RRT results from the repeated testing study showing response 
speeds over the five testing days
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Figure 2.2.3
This graph shows mean MRT in milliseconds for n = 14 subjects. MRT results were taken from the 
first trial on days one and five and from the only trials on days two three and four. Standard Errors of 
the mean were omitted from the graph for clarity.
SEM’s were all between 16.48 and 21.22 ms.
There were no results of significance.
No results of significance were noted from the data for Motor Response Time 
(MRT).
240  -  
230  "  
220 * 
ms 210 " 
200 * 
190 -  
180 "
day
Figure 2.2.3: MRT results from the repeated testing study showing response 
speeds over the five testing days
2.2.6 CFF 
Statistical Analysis
The data were untransformed and entered into a Microsoft excel file. The data for 
CFF were subjected to repeated measures analyses of variance (ANOVA) with 
two between subjects factors (days, one and five; and time, at six levels). Post 
hoc testing for differences between individual means was performed using 
Newman-Keuls tests.
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SEM’s were all between 0.63 and 1.07 Hz. 
There were no results of significance.
Results
The results show that there was no significant effect of time or day (figure 2.2.4).
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Figure 2.2.4: CFF results from the repeated testing study for young healthy,, ,,
volunteers showing the critical flicker fusion thresholds on days 1 and 5
2.2.7 Discussion
This study examined the effects of practise on the CFF and CRT tasks commonly 
used in clinical trials, in order to determine how much training was necessary for 
a subject to reach and maintain a performance “plateau”. Such information is 
needed if learning effects are to be precluded from clinical and pharmacodynamic 
studies where accurate baseline measures of psychomotor performance are 
required. The intention of this study was to delineate the number of exposures to 
the tests required in order that learning effects be eliminated from the data.
The results for the CRT showed a significant effect of day, as scores dropped 
over day 1 for both TRT and RRT (figures 2.2.1 and 2.2.2 respectively) 
illustrating probable practise effects, a suggestion supported by the fact that these 
scores maintained a constant level for the rest of the trial. There were no 
significant results for time and no fatigue effects were noted.
The lack of any results of significance being obtained for the MRT response 
times is noteworthy (figure 2.2.3) as motor speed is usually only affected by the 
administration of a psychoactive compound. As no drugs were given during this
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trial any change in the speed of the motor responses was not expected, and the 
lack of significant MRT results supported this expectation.
The CFF results showed that there was no learning curve (figure 2.2.4) with 
repeated testing on a daily basis. This lack of an effect of daily testing suggests 
that CFF is à robust measure, and because of the replicability of the scores over a 
5 day period, a reliable one. CFF is a measure of overall information processing 
capacity (Parrott, 1982a) and in this instance, as no drug was introduced into the 
subject, no changes in CFF threshold were expected, or indeed discovered.
There was a slight, though insignificant, drop in the CFF threshold over the 
period of 1 hour on both days 1 and 5 (figure 2.2.4). These data are constant, 
therefore do not have any statistically significant implications for clinical trials, 
but in order to eliminate this slight drop in overall threshold levels, it is suggested 
that all subjects conduct two CFF trials on every study day (as a ‘warm-up’) 
before commencing the recorded baseline test.
It is possible to conclude from these results that a single session of 1 hour 
involving six CFF and CRT tasks is adequate to reach a “plateau” on both of 
these tests. It is therefore suggested that subjects in clinical trials who are to be 
using such tests are given a one hour training period to reach and maintain 
constant scores on both psychometric tests to eliminate learning and practise 
effects from clinical data.
These results are in virtual accordance with the findings of McClelland (1987), 
however, he used different versions of both the tests documented and a different 
study design than was used in this present experiment. From these findings, it is 
possible to suggest that for the Critical Flicker Fusion and the six-response 
Choice Reaction Time tasks, six trials conducted in a one hour time period are 
adequate to reach a “plateau” on both of the tasks in question.
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2.3 The Effects of Practise on an Elderly Population
2.3.1 Introduction
This study was undertaken in order to determine the number of exposures to the 
Critical Flicker Fusion (CFF) and Choice Reaction Time (CRT) tasks a healthy 
elderly population need to reach and maintain a performance plateau.
In recent years, psychopharmacology has become concerned with the discovery 
and investigation of compounds to ease elderly ailments. Such drugs could 
improve the quality of an elderly person’s life. This increase in awareness is in 
part, due to increasing longevity and the resulting rise in disorders specific to an 
older population.
Of the elderly population, those over 85 years represent the fastest growing 
proportion of society (Green and Davis, 1993) and are currently increasing in 
number 2.5 times faster than the rest of the population (Cutler et al, 1994). This 
increase in life expectancy is possibly due to a higher quality of living conditions, 
sanitation, nutrition etc. These factors suggest that this trend will continue 
upwards in future years.
This increase in longevity is coupled with a rise in the incidences of dementia. 
Health statistics in the USA, China and Europe estimate that approximately 15% 
of the elderly population, i.e. those over 65 years, suffer from some form of 
dementia, with incidence increasing significantly with age (Jorm et al, 1987). 
Furthermore, figures for dementia nearly double with every 5 years of increased 
age. Of this group 5% suffer severe impairment and are reliant on constant 
supervision. (Hofman et al, 1991).
The elderly as a group represent a very different sector in the population. It has 
been shown in several studies that elderly people perform more poorly on 
psychometric tests (Hindmarch and Wattis, 1988; Simonson et al, 1941; 
Salthouse and Somberg, 1982). Critical Flicker Fusion (CFF) thresholds in the 
elderly are consistently lower than those shown among younger populations, 
often declining linearly with increasing age, becoming evident from the age of 
forty (Frewer, 1986; Colston and Hindmarch, 1989). This is possibly a result of
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the fact that the CFF task measures the overall speed of CNS activity and lower 
CFF thresholds are an indication of slower brain functioning capacity.
Similar findings are reported with reaction times in the elderly. Beringer et al 
(1988), found that the reaction times (as determined by the Choice Reaction Time 
task, CRT) for elderly subjects are also longer (slower) than those of younger age 
groups. This could possibly be a reflection of the slowing of the cognitive 
processes often seen in elderly people (R. Dawe, unpublished data, HPRU;
Maylor and Rabbitt, 1994).
The increase in size of the elderly population, coupled with the efforts of 
pharmaceutical companies to produce anti-dementia compounds and drugs aimed 
at improving quality of life have led to an increase in the demand for clinical 
trials involving this age group. When pharmaceutical companies introduce a new 
drug, it has to undergo extensive testing in order to determine stability, toxicity 
and tolerability. It is also of great importance to determine any effects of the drug 
on the brain and Central Nervous System (CNS). In order to assess the drugs 
effect on a persons’performance and cognition, a suitable volunteer group is 
needed to perform psychometric tests aimed at measuring any behavioural 
changes.
Most clinical trials are conducted using young healthy volunteers. The young are 
a sector of the population who are familiar with technology and computers and 
are therefore relatively relaxed and confident with the testing procedures. The 
elderly however, are often not familiar with computers and can fear such 
technology in the belief that they are not able to operate such machinery. More 
importantly, they lack confidence in their ability to carry out and perform 
computerised psychometric tests. Therefore in order to conduct a clinical trial 
with an elderly population, training sessions are vital to instil confidence and 
overcome any fear that many of these people suffer.
With this increase in demand for elderly groups as volunteers in clinical trials, it 
is important to ascertain any general guidelines for this research population. With 
this in mind, it was undertaken to discover whether an elderly population would 
require an equal amount of training on psychometric tests as younger volunteers.
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It was shown from the results of the previous study that in young healthy 
volunteers, six exposures to the CFF and CRT tests (from the Leeds 
Psychometric Test apparatus, Hindmarch, 1979) were required in order that the 
subjects be fully trained. In this trial, an elderly population were exposed to the 
same test apparatus six times within a period of one hour, to examine whether a 
performance plateau would be reached.
2.3.2 Methods
Subjects
26 healthy elderly volunteers ( 12 women arid 14 men) aged (61-84, mean age
72.1 years) were admitted to this study. All subjects satisfied the 
inclusion/exclusion criteria in that they were in good physical and mental health, 
with no family history of major psychiatric illness, and all were free from 
concomitant medication likely to interfere with any of the test measures. Subjects 
were naive with respect to the experimental hypothesis.
2.3.3 Procedure
The subjects arrived at the test centre and conducted six CFF and six CRT tasks, 
with 10 minute intervals between testing.
2.3.4 Assessments
• Choice Reaction Time
• Critical Flicker Fusion Threshold
2.3.5 Statistical Analysis
The data for both CFF and CRT were subjected to repeated measures analyses of 
variance (ANOVA) with one factor (time). Post hoc testing for differences 
between individual means was performed using Newman-Keuls tests.
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I Figure 2.3.1
| This graph shows the mean TRT in milliseconds for n = 26 subjects. TRT results were taken from six 
trials over a one hour testing period on a single day of testing. These tests were spaced at 10 minute 
intervals. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s were all between 17.07 and 27.27 ms.
Post-hoc analyses were conducted, comparing the response speeds from test points two, three, four, 
five and six to the first. These results showed that TRT was faster on all trials subsequent to the first.
2.3.6 Results
CRT
The results for the total reaction time (TRT) aspect of the CRT (figure 2.3.1) 
showed similar findings to those of the CFF task (figure 2.3.4). The scores 
dropped (showing a faster response time) significantly from baseline 
(F(5,20)=4.09; p<0.01). Following a sharp initial drop, they levelled, to reach and 
maintain a plateau however, rose again slightly on the sixth trial. This increase in 
response time was only of 33 ms and was therefore not significant. The motor 
aspect (MRT) of the choice reaction time task again dropped significantly 
(F(5,130)=7.433; p<0.01) from the first test point, maintaining this level of 
performance for the remainder of the exposures (figure 2.3.3). The RRT 
component of this task showed no differences of significance as the scores were 
consistent throughout the trials (figure 2.3.2).
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Figure 2.3.1: TRT results from the repeated testing study in healthy elderly 
volunteers, showing thresholds from six consecutive tests
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Figure 2.3.2
SEM s were all between 9.97 and 23.26 ms. 
There were no results o f significance.
Figure 2.3.3
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Figure 2.3.2: RRT results from the repeated testing study in healthy elderly 
volunteers, showing thresholds from six consecutive tests
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Figure 2.3.3: MRT results from the repeated testing study in healthy elderly 
volunteers, showing thresholds from six consecutive tests
CFF
The results from the CFF task (figure 2.3.4) showed that over a period of six 
tests, the thresholds of the elderly volunteers decreased significantly from the 
first exposure to the task (F(5, 19)=6.32; p<0.0013). This decrease in thresholds 
became stable by the fourth exposure and this consistency was maintained for the 
remainder of the trial. The sixth exposure to the task showed a slight drop in 
performance, however as this was 0.2 Hz in magnitude, this was not significant.
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Figure 2.3.4
This graph shows the mean CFF thresholds in Hz for n = 26 subjects. CFF thresholds were taken 
from six trials over a one hour testing period on a single day of testing. These tests were spaced at 10 
minute intervals. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s were all between 0.49 and 0.6 Hz.
Post-hoc analyses compared the thresholds of test points two, three, four, five and six to the first and 
showed a decrease in thresholds on all trials subsequent to the first.
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Figure 2.3.4: CFF results from the repeated testing study in healthy elderly 
volunteers, showing thresholds from six consecutive tests
2.3.7 Discussion
This study examined an elderly population to determine the length of time taken 
to reach a performance plateau on two of the most frequently used psychometric 
tests, the CFF and CRT. Results from this study have significant implications, as 
they not only illustrate the importance of training, but allow an insight into the 
similarities and differences between elderly and young populations.
The results from this study show that the performance of the elderly was 
comparable to that of the young population as reported on the previous study 
with young, healthy subjects reaching and maintaining a performance plateau by 
the sixth exposure to the tests.
The CRT results from this study show that for the TRT aspect of the task (figure 
2.3.1), the results mirrored those of the young population, dropping significantly 
from the first exposure to the task, reaching a definite plateau by the third test 
point. The MRT results (figure 2.3.3) again showed a decrease in reaction time 
over the six trials and had reached plateau by the fourth trial. Interestingly, the 
results from the RRT component of the CRT showed no significant change over 
the six trials (figure 2.3.2). These results differ from findings among the young 
population, in that the elderly subjects did not get any faster in detecting that a 
response light was illuminated, however improved the speed and accuracy with 
which they were then able to respond to this stimulus over the six practise trials.
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The CFF results (figure 2.3.4) showed that there was a significant initial drop in 
performance, however by the fourth trial the volunteers had reached a level from 
which the results did not decrease or increase significantly. This drop in 
performance levels could suggest an effect of fatigue or a possible 
acclimatisation effect as the volunteer becomes accustomed to the testing 
apparatus and computers. This effect is not present in data from younger subjects, 
possibly as they are more familiar with such technology.
Many researchers have found that performance decrements occur as age 
increases, however the findings from this study suggest that the time taken to 
reach and maintain a consistent level of performance is comparable to that of a 
younger group. What is evident from this data however is that the scores from the 
elderly population are much lower than those from the younger group for the 
CFF, and higher (slower) on the CRT test than those shown by the previous 
study. Table 2.3.1 demonstrates these findings. These data highlight an important 
aspect of research into the elderly, as although performance is generally slower 
among older people, the time taken to reach a level of performance adequate to 
begin a clinical trial is equal to that of a young subject population.
Table 2.3.1: Showing the means and Standard Deviations (SD) for the Young
Test Young Subjects 
Mean (SD)
Elderly Subjects 
Mean (SD)
CFF (Hz) 31.43 (3.572) 28.215 (3.003)
MRT (ms) 218.869 (62.960) 243.358 (57.068)
RRT (ms) 367.191 (53.939) 425.449 (79.961)
TRT (ms) 582.869 (72.144) 670.496 (106.667)
The raw data from the young and the elderly groups for the TRT and the CFF 
results were subjected to a r-test. This test was used as the two groups of subjects 
were being compared against one another. Results showed that for Total Reaction 
Time r=5.959. For the CFF task 7=3.306 therefore these results are significant. 
These data suggest that the CFF and the CRT task (at the Total Reaction Time 
level) are able to detect differences between a young and an elderly population in
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terms of the speed of their information processing and their reaction to a 
stimulus.
The preceding experiments however, showed that although there were differences 
in the speed of reaction (on the CRT task), the length of time needed to train the 
subjects was comparable between groups.
One criticism of both of these experiments is that the subjects should have been 
exposed to more trials. The results from the CRT task performed by the elderly 
(as shown by the RRT and TRT aspects especially) show that performance on the 
sixth trial was slightly slower than response speed on the fifth trial. Although this 
was non-significant, it suggests that maybe a true plateau had not been reached. 
Extending the number of trials undertaken - on the first and final days of testing 
in the young population and on the sole testing day for the elderly - to ten or 
twelve might have enabled us to state more definitively what the number of trials 
needed to be undertaken in order to ensure a plateau was. Feinstein et al (1994) 
conducted an experiment into the effects of practice in 10 healthy volunteer and 
found that there was no evidence of improvement in performance on a Simple 
Reaction Time task, and that where a learning effect was evident, it continued 
beyond eight experimental sessions on certain tasks (i.e., the Stroop task). It does 
however have to be pointed out that the Stroop task is a much more complex task 
than both the SRT used in the Feinstein et al, 1994 experiment and also the CRT 
and CFF tasks used in the experiments conducted in this chapter.
88
3 C hapter  Th r ee: T he  E ffects of  N ico tine  on  L ate N ig h t
and  Overnight  Perform ance
3.1 Chapter Outline
This chapter uses a traditional CRT task in two nicotine studies. These studies 
are unusual in that, rather than providing the subjects with experimental 
cigarettes, nicotine gum or other products, the subjects were allowed to smoke 
their normal brand of cigarettes throughout the two experiments. The subjects 
were kept awake until 02:30 in the first experiment (Parkin et al, 1997b) and all 
night in the second experiment (Parkin et al, 1998). Testing took place at 
intervals throughout these time periods. The performance of smokers (smoking 
naturally) was compared with that of non-smokers. Subjective ratings show that 
for both of these trials, the groups of subjects "felt" equally as tired, however the 
psychometric results showed that the performance of the smokers was more 
consistent with baseline measures than that of the non-smokers whose 
performance deteriorated as the period of wakefulness increased.
3.1.1 Introduction
Sleep is one of the most powerful and vital biological needs (Borland et al,
1986). The detrimental effects of insufficient or disturbed sleep, chronic sleep 
deprivation and prolonged wakefulness can, among other things, increase the risk 
of errors in performance and accidents (Akerstedt, 1991).
Studies conducted on sleep deprived subjects show that performance impairment 
increases as the duration of the period of wakefulness (i.e., sleep deprivation) 
increases (Williams et al, 1959; Dinges et al; 1987). Furthermore, daytime 
performance is impaired following sleep deprivation (Wilkinson et al, 1966) and 
the severity of the impairment is dependent upon the duration of the task 
(Wilkinson, 1968). Fatigued subjects show impairment on a variety of tasks e.g., 
reaction time tasks, mental arithmetic, logical reasoning and tracking (Dinges and 
Barone-Kribbs, 1991). In some instances sleep deprived subjects “trade-off’ 
speed for accuracy (discussed more fully in chapter one) and although the 
performance is error free the speed of reaction is greatly increased. On the other
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hand, when the reaction time component is not impaired there can be a rise in 
errors and responses are omitted (Williams and Lubin, 1967).
In order to combat fatigue related performance decrements, coping strategies are 
used, such as the 1 hour nap (Rogers et al, 1989), the use of caffeine in the form 
of tea and coffee, which is often self administered leading to subjective ratings of 
increased alertness and efficiency (Buyesse, 1991) and to improve objective 
measures of alertness as shown by the CFF task (see chapter four). However, 
intake of high doses of caffeine (500 mg Frewer and Lader, 1991; 3 & 6 mg/kg 
Loke et al, 1985) can reduce the performance improving properties noted both 
subjectively and objectively with lower doses. Caffeine in moderate doses has 
been shown to improve performance over a night shift, although as the caffeine 
wears off performance deteriorates (Muehlbach et al, 1991). Caffeine 
(Muehlbach and Walsh, 1995) and nicotine are both stimulants of the CNS and 
so may be used by individuals as tools to combat tiredness, however very little 
research has been undertaken into the effects of nicotine on night time 
performance. If nicotine improves performance, it may also be hypothesised that 
nicotine could help to combat natural impairments brought about by fatigue.
Smoking could be defined as a coping strategy in habitual smokers (Pomerleau 
and Pomerleau, 1984). Smokers generally report improvements in concentration 
directly after smoking a cigarette (Gilbert, 1995; Peeke and Peeke, 1984; Spilich 
et al, 1992). Subjective ratings have been substantiated by objective measures 
(Hindmarch et al, 1990a) that showed that nicotine can improve speed and 
accuracy on motor tasks. Sherwood et al (1990a) demonstrated that the 
psychomotor performance (as measured by the motor aspect of the CRT and 
deviation from the target on the tracking task) of heavy, light and non-smokers 
was improved following doses of nicotine gum. Wesnes and Warburton (1983) 
found that the performance of tobacco smokers improved on a Rapid Visual 
Information Processing (RVIP) task, in a dose related manner, whilst Warburton 
et al (1992) found that nicotine improved not only attention but also memory 
facilitation. Koelega (1993) found that nicotine can improve performance on any 
tasks involving sustained attention. Heimstra et al (1967) found that during a 6 
hour simulated driving task, performance on tracking error and brake reaction
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time (BRT) was comparable among smokers smoking freely and non-smokers. 
However deprived smokers demonstrated impaired performance on all aspects of 
the task. These findings were substantiated by Frankenhauser et oZ (1971). 
Contradicting these results were those of Sherwood (1995b) who found that the 
tracking performance of non-deprived smokers improved following smoking 0.6 
and 1.0 mg nicotine cigarettes, however subjects showed no performance 
improvement following the <0.1 (placebo) or the 2.1 mg nicotine cigarette. This 
finding suggests that there is an optimum level of nicotine required for the 
facilitation of the simulated car driving task. Brake response speeds were reduced 
following each of the active treatments. Some researchers also suggest that 
nicotine could enhance short term memory, Sherwood et al (1990b) argued 
though that this increase in memory capacity could be a result of ‘non-specific 
improvements in attention and information processing’ such as state dependent 
learning rather than an improvement in memory per se.
Research has shown that performance late at night and early in the morning is 
impaired when compared with daytime performance levels. This can be shown by 
both performance measures and by actual accident statistics from work related 
and driving related accidents. Verhaegen ef a/ (1981) reported that shift workers 
generally report more fatigue than day workers. Akerstedt (1991) reinforced this 
suggestion when he found that sleepiness is particularly pronounced during night 
shifts in the work place, with some employees actually falling asleep at work. 
This, in an industrial situation, could prove hazardous. Road traffic statistics also 
provide useful information on the patterns of possible fatigue related accidents on 
the roads. Zulley et al (1994) found from a study in Bavaria, that there were three 
peak times for road traffic accidents (14:00h; 18:00h; and 05:30-06:30h), with 
44% of fatalities occurring in daylight, 13% in the twilight hours and 43% during 
darkness. Furthermore Borland et al (1986) reported that driving on the 
motorway or highway between 24:00h and 06:00h is particularly likely to result 
in sleep related accidents.
The first study in this chapter was conducted in order to induce a late night 
performance deficit in healthy smokers and non-smokers, and examine the effects 
of smoking among the smokers on this deterioration. If smoking tobacco can
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improve performance, then to deprive smokers whilst working on a night shift, or 
driving a long distance could impair their performance enough to cause a serious 
accident. In order to determine whether the positive effects of smoking have any 
impact on the problems associated with night time performance, this study 
compared the performance of tired smokers with that of non-smokers suffering 
the same levels of sleepiness.
3.2 Nicotine and Late Night Performance
3.2.1 Assessments
• Choice Reaction Time
• Short Term Memory Reaction Time task
• Compensatory Tracking task (and Peripheral Reaction Time)
• Critical Flicker Fusion Threshold
• Line Analogue Rating Scale 
Subjects
32 male and female volunteers (aged 24-50) participated in this study. 16 were 
smokers (mean age 29.1) and 16 non-smokers (mean age 27.9). The smokers had 
been smoking at least 10 cigarettes per day (mean 19.6 cigarettes per day, >9 mg 
tar/0.9 mg nicotine) for a minimum of five years prior to the start of the study.
All subjects fulfilled the inclusion/exclusion criteria in that they were in good 
physical and mental health on entering the study, with no family history of major 
psychiatric illness, and all were free from concomitant medication (excluding the 
oral contraceptive pill), likely to interfere with any of the test measures. Subjects 
were naïve with respect to the experimental hypothesis. Ethics approval was 
gained from the University of Surrey Ethics Committee.
3.2.2 Procedure
Prior to enrolment onto the study, all subjects gave their written, informed 
consent and underwent a brief medical examination to ensure that they were in 
good physical health. Following this, subjects were familiarised and trained on 
the psychomotor test battery according to the findings of chapter two.
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On the single study day, subjects arrived at the test centre at 17:45h and were 
screened for alcohol using a breathalyser. The psychometric test battery was 
completed at 18:00h, 22:00h, 00:00h and 02:00h. The subjects were put to bed at 
02:15h, with lights out at 02:30h and awoken the following morning at 07:55h. A 
final test battery was conducted at 08:15h. For the duration of the trial smokers 
were allowed to smoke freely (the mean number of cigarettes smoked during the 
test period was 14.3). All food was standardised and caffeine was prohibited for 
the duration of the study. Food and drink was provided by the investigators.
3.2.3 Statistical Analysis
There was a large inter subject variability among baseline scores both within and 
between groups of subjects, therefore all data was analysed compared to baseline, 
rather than being a direct comparison between the two groups. The data for the 
psychometric variables (CFF, CRT, STM, CTT and LARS) were subjected to 
two way analyses of variance tests (ANOVA), with one between subjects factor 
(smoker, non-smoker) and one within subjects factor time (at five levels; 18:00, 
22:00, 00:00, 02:00 and 08:15. Post hoc analyses using the Newman-Keuls test 
were conducted on all significant findings, thus enabling comparisons between 
the two treatment groups for each time point.
3.2.4 Results
The TRT results (figure 3.2.1) showed that the performance of the smokers 
dropped slightly from baseline, while the results from the non-smokers was more 
consistent throughout the night. These scores did not reach significance. The 
results shown by both the smoking and non-smoking groups did not change 
significantly from baseline, nor was there any significant effect of time.
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Figure 3.2.1
This graph shows the mean TRT in milliseconds for n = 32 subjects. TRT results were taken from 
five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a group of 16 non- 
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers group were between 28.32 and 51.68 ms.
SEM’s for the non-smokers group were between 30.19 and 69.62 ms.
There were no results o f significance.
Figure 3.2.2
This graph shows the mean RRT in milliseconds for n = 32 subjects. RRT results were taken from 
five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a group of 16 non- 
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers group were between 24.27 and 55.56 ms.
SEM’s for the non-smokers group were between 26.56 and 59.77 ms.
There were no results of significance.
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Figure 3.2.1: TRT results for smokers and non-smokers.
The RRT results (figure 3.2.2) demonstrated that recognition reaction times 
became faster during the testing period, more notably for the smokers, however 
this result was not significant for either group of subjects. There were no 
significant differences between smokers and non-smokers at any time point.
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Figure 3.2.2: RRT results for smokers and non-smokers.
The MRT aspect of the CRT task (figure 3.2.3) showed that there was a 
significant interaction between the 2 factors (smoking behaviour and time) with 
the motor response latencies of the smokers being significantly longer at the final 
test point (F(4,26)=3.25; p<0.05) than not only those of the smokers at each other 
time point, but also each test session for the non-smokers. The MRT responses 
for the non-smokers was consistent throughout the trial.
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This graph shows the mean MRT in milliseconds for n = 32 subjects. MRT results were taken from 
five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a group of 16 non- 
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers group were between 18.05 and 24.27 ms.
SEM’s for the non-smokers group were between 11.93 and 18.43 ms.
Post-hoc analyses showed that motor response latencies were longer for the smokers than the non- 
smokers at the final test point at 08:15.This result was also significantly slower than the response 
speeds of both groups of subjects at all other time points.
Figure 3.2.4 ;
This graph shows the mean STM response time in milliseconds for n = 32 subjects. STM-RT results j 
were taken from five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a j 
group of 16 non-smokers. Standard Errors of the mean were omitted from the graph for clarity. j
SEM’s for the smokers group were between 52.03 and 129.73 ms. |
SEM’s for the non-smokers group were between 16.67 and 129.42 ms.
Post-hoc analyses showed that response speeds for both groups were significantly slower at baseline 
than at all other test points. j
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Figure 3.2.3: MRT results for smokers and non-smokers.
The results from the STM task (figure 3.2.4) showed that response speeds 
gradually improved from baseline in both groups, significantly so for the smokers 
(F(4,60)=2.59; p<0.05). This baseline result was also significantly slower that 
every time point for the non-smokers.
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Figure 3.2.4: STM results for smokers and non-smokers.
Results were then pooled for all time points, to examine whether there was a 
significant effect of setsize (1, 3 or 5 in this instance) according to the Sternberg 
theory and in accordance with the theory of Hick (1952). This analysis showed a 
significant effect not only of setsize (F(2, 62)=92.772, pcO.OOl) but also a 
significant difference between the performance of the smokers and non-smokers 
(F(l, 31)=6.291, p<0.05) as shown in figure 3.2.5. This was the only measure in 
which the non-smokers performed more quickly than the smokers.
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This graph shows the mean CFF thresholds in Hz for n = 32 subjects. CFF results were taken from
five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a group of 16 non-
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers were between 0.55 and 0.90 Hz.
SEM’s for the non-smokers were between 0.57 and 0.94 Hz.
Post-hoc analyses showed CFF thresholds for the non-smokers were significantly lower at 00:00 than 
at baseline. There was also a significant difference shown between groups with the non-smokers 
showing a higher level of alertness at 20:00 and 22:00 than the smoking group.
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Figure 3.2.5: Pooled STM data for smokers and non-smokers
There were no significant results from either aspect of the tracking task.
However, PRT was slightly impaired during the night in both groups (less so in 
the smokers), and this pattern was also evident in the RMS scores.
For the CFF task (figure 3.2.6), the performance of the smoking group remained 
almost constant, though rose slightly during the latter part of the test period. The 
performance of the non-smoking control group dropped from baseline thresholds, 
significantly so at the 00:00 test point (F(4,80)=3.17; p<0.05). There were also 
significant differences between the performance of the smokers and the non- 
smokers (p<0.05 according to the Newman Keuls measure) with the non-smokers 
showing a higher level of alertness at each time point as shown by the CFF task.
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! figure 3.2.6: CFF results for smokers and non-smokers.
The subjective LARS scores followed the same pattern for both experimental 
groups, although the smokers reported slightly more alertness at midnight (figure
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This graph shows the mean LARS scores in mm for n = 32 subjects. LARS measurements were 
from five trials at 20:00, 22:00, 00:00, 02:00 and 08:15 in a group of 16 smokers and a group of 16 
non-smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers were between 1.90 and 3.11 mm.
SEM’s for the non-smokers were between 1.26 and 3.82 mm.
Post-hoc analyses showed that both groups perceived significant levels of fatigue, which increased as 
the night progressed, with levels of perceived sedation falling in the morning following a short sleep.
3.2.7). Sedation in the morning for both groups had reached similar levels to 
those of early the evening before both groups were significantly more fatigued at 
02:00h than at baseline or at 08:15h (F(4,120)=37.72; pcO.OOOl). There was no 
interaction between the group and time factors.
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Figure 3.2.7: LARS results from the self rating sedation scale for smokers and 
non-smokers
3.2.5 Discussion
These results show that the non-smoking group performed significantly better 
than smokers on the CFF task. For the CRT task, the TRT results showed that 
although there were no results of significance, the performance of the non- 
smokers was almost consistent with baseline for the duration of the testing 
period, following an initial decrease in response latency, while the performance 
of the smokers improved more over the night time testing period, becoming 
almost level with those of the non-smokers at midnight and 02:00. The results 
from the RRT aspect of this task showed an improvement in performance of 
recognition reaction times for both groups, however this failed to reach statistical 
significance. The MRT aspect of the CRT task showed that the performance of 
the smokers was significantly impaired at the final test point (in the morning) 
compared to both the performance of the smokers throughout the previous 
evening and also compared to the non-smokers. This could possibly be a result of 
nicotine withdrawal as testing took place prior to the smokers being able to have 
a cigarette in the morning.
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Following an initial decrease in response speed from baseline the performance on 
the STM task for the smokers remained steady. The results from the non-smokers 
also showed a reduction in response latency from baseline, however, this was 
also non significant. When the results from the STM task were manipulated to 
show the increase in response speed with setsize however, differences were 
noted. The response latency of both groups increased with the increases in setsize 
(in accordance with the theory of Sternberg). The overall performance of the non- 
smokers was also significantly faster than that of the smokers. This suggests that 
the non-smokers were better able to perform the memory scanning task than the 
smokers even in their tired condition. This would imply that the effect of 
cigarette smoking has little or no effect on memory scanning tasks of this nature. 
There were no significant results from either aspect of the tracking task.
However, PRT improved slightly from baseline in the smokers. This result was 
not significant.
It is possible that the significant findings are a result of the sensitivity of these 
tasks to the psychomotor and cognitive decrements observed in late night 
performance. The CTT task uses different skills (peripheral response speed and 
fine motor co-ordination) that in their usual form are possibly not able to detect 
the small levels of sedation produced by this trial. When the results from the 
STM task were manipulated to show the increase in response speed with setsize 
however, differences were noted. The response latency of both groups increased 
with the increases in setsize (in accordance with the theory of Sternberg). The 
overall performance of the non-smokers was also significantly faster than that of 
the smokers. This suggests that the non-smokers were better able to perform the 
memory scanning task than the smokers even in their tired condition. This would 
imply that the effect of cigarette smoking has little or no effect on memory 
scanning tasks of this nature.
For the total reaction time and recognition reaction time, the scores mirrored one 
another, decreasing after the baseline testing session, then levelling off. In both 
cases (for TRT and RRT, this was more apparent in the smoking group than the 
non-smoking controls, however neither group reached significance. MRT results 
for the smokers and the non-smokers were comparable throughout the night,
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however, in the morning, the scores of the smokers were significantly slower for 
the smokers than the non-smoking control. This may have been as a result of the 
smokers not having time for a cigarette before the testing began. For the CFF 
task, the performance of the non-smokers was significantly superior than that of 
the smokers at each test point throughout the experiment. The subjective ratings 
measure (LARS) showed almost identical sedation curves for both groups of 
subjects.
These data show that the free smoking of cigarettes enables an habitual smoker to 
function at a similar level to a non-smoker during a late night and early morning. 
It must be pointed out that, considering the age groups examined in this study, 
retirement at 02:30h is possibly not far enough removed from their normal bed 
time to be considered an unusually late night. Harding (unpublished data, HPRU) 
studied the bedtimes of 18 healthy, similarly aged volunteers over a 4 week 
period. These findings suggested that approximately 25% of the total nights 
recorded showed retirement times of 01:00h or later, whilst on 11% of nights 
bedtimes of 02:00h and later were shown. This bed time of 02:30h is regarded as 
late, but Harding’s data suggested that this time is not actually late enough, or 
unusual enough, to produce a performance deficit in the hours immediately 
beforehand.
These data are of relevance to research conducted by Borland et al (1986), where 
individuals who worked for a prolonged period of time, starting in the late 
afternoon, were found to be more susceptible to performance impairment at a 
level over and above that of individuals who work a regular eight hour night 
shift. In smokers, the lack of performance impairment shown may possibly be 
produced by the nicotine intake from cigarettes. Such an effect may be important 
in reducing the risk of accidents on the road and in the workplace. Critics of this 
study would suggest that other than the smoker versus non-smoker condition, 
many factors were not controlled for. Further research was thus conducted 
(taking many more variables into account) in order to examine whether 
sustaining the period of wakefulness for a longer period may exacerbate these 
findings, it was with this aim that study two was conducted.
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The following study was designed to increase fatigue in subjects by not allowing 
them to sleep overnight. The subjects were tested every two hours for the 
duration of this period. This design was employed, in order to examine the effects 
of fatigue in a population of smokers allowed to smoke freely and in a group of 
non-smokers.
3.3 Nicotine and Overnight Performance
3.3.1 Assessments
All assessments were described in detail in chapter one along with a rationale for 
their use, therefore at this stage of the thesis, a list of the measures used in this 
study is all that will be provided.
• Choice Reaction Time
• Short Term Memory Reaction Time task
• Compensatory Tracking task (and Peripheral Reaction Time)
• Critical Flicker Fusion Threshold
• Line Analogue Rating Scale
3.3.2 Subjects
30 male and female volunteers (mean age 32; range 24-40 years) participated in 
this study. Fifteen were smokers and 15 non-smokers. The two groups were 
matched for age and sex.
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Table 3.3.1: Showing demographics for the subjects in this study.
Smokers 
Sex Age
Non-smokers 
Sex Age
F 25 F 24
F 25 F 26
F 26 F 27
F 29 F 29
F 39 F 37
F 40 F 41
M 25 M 24
M 25 M 25
M 26 M 26
M 27 M 27
M 28 M 28
M 29 M 28
M 30 M 30
M 34 M 35
M 38 M 41
The smokers had been smoking at least 10 cigarettes per day (mean 22 cigarettes 
per day; >9 mg tar/0.9 mg nicotine) for a minimum of five years prior to the start 
of the study. All subjects fulfilled the inclusion/exclusion criteria in that they 
were in good physical and mental health on entering the study, with no family 
history of major psychiatric illness, and all were free from concomitant 
medication (excluding the oral contraceptive pill). Subjects were naive with 
respect to the experimental hypothesis. Ethical approval was gained from the 
University of Surrey Ethics Committee.
3.3.3 Design
This study employed a parallel group design. The results were analysed blind in 
order to control for experimenter bias.
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3.3.4 Procedure
Prior to enrolment onto the study, all subjects gave their written, informed 
consent, and were familiarised with all procedures and fully trained on the 
psychomotor test battery until their results reached a plateau (Parkin et al, 1997a; 
McClelland 1987).
The trial consisted of one test night only. After a normal working day, subjects 
arrived at the test centre at 19:30h and were screened for alcohol using a 
breathalyser. The psychometric test battery was completed at 20:00h, 22:00h, 
00:00h, 02:00h, 04:00h, 06:00h and 08:00h. The subjects were not allowed to 
sleep for the duration of the trial and smokers were allowed to smoke freely. All 
food was standardised and caffeine was prohibited for the duration of the study. 
Food and decaffeinated drinks were provided by the investigators. Subjects were 
allowed to occupy themselves for the duration of the test by watching television 
and playing games. Smokers were only ever tested with other smokers.
3.3.5 Statistical Analysis
The data for the psychometric variables (CFF, CRT, STM, CTT and subjective 
ratings of sedation) were analysed using two way analyses of variance tests 
(ANOVA). These had one between subjects factor (smoker, non-smoker) and one 
within subjects factor, time (at 7 levels: 20:00, 22:00h, 00:00h, 02:00h, 04:00h, 
06:00h and 08:00h). Post hoc analysis using the Newman-Keuls test were 
conducted on all significant findings, thus enabling comparisons between the two 
treatment groups for each time point.
3.3.6 Results
The results from the TRT aspect of the Choice Reaction Time task (figure 3.3.1) 
showed the performance of both the smokers and the non-smokers remained 
around the baseline level for the duration of the night. There was a single 
statistically significant deviation to this, when at 22:00 the performance of the 
smokers was faster (F(6,168)=2.34; p< 0.05) than it was at 04:00 and faster than 
the performance of the non-smokers at 06:00.
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Figure 3.3.1
This graph shows the mean TRT in milliseconds for n = 30 subjects. TRT results were taken from 
overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 06:00 and 08:00 in a group of 15 smokers and a 
group of 15 non-smokers. Standard Errors o f the mean were omitted from the graph for clarity. 
SEM’s for the smokers were between 13.86 and 30.53 ms.
SEM’s for the non-smokers were between 10.56 and 17.36 ms.
Post-hoc analyses showed that the total response speed for the smokers was faster at 22:00 than that 
at 04:00 and faster than that of the non-smokers at 06:00.
! Figure 3.3.2
This graph shows the mean RRT in milliseconds for n = 30 subjects. RRT results were taken from 
overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 06:00 and 08:00 in a group of 15 smokers and a 
group of 15 non-smokers. Standard Errors of the mean were omitted from the graph for clarity. 
SEM’s for the smokers were between 9.58 and 21.54 ms.
SEM’s for the non-smokers were between 6.70 and 22.12 ms.
! There were no results of significance.
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Figure 3.3.1: TRT results for smokers and non-smokers overnight performance 
study
RRT (figure 3.3.2) showed the performance of the smokers and the non-smokers 
almost mirroring each other. Both fluctuate between testing points, however there 
were no results of significance for either group.
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Figure 3.3.2: RRT results for smokers and non-smokers overnight performance 
study
Results from the MRT aspect of the CRT task showed the performance of the 
smokers remained significantly faster (F(l,28)=5.45; p<0.05) than that of the 
smokers from the beginning of the trial (figure 3.3.3). There were no significant 
changes (in either group) from baseline.
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group of 15 non-smokers. Standard Errors of the mean were omitted from the graph for clarity. 
SEM’s for the smokers were between 11.04 and 13.78 ms.
of the non-smokers at the same time point.
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SEM’s for the smokers were between 36.30 and 63.45 ms.
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Figure 3.3.3: MRT results from for smokers and non-smokers overnight 
performance study
The results from the STM task (figure 3.3.4) showed that there was an 
improvement as response times decreased from baseline (F(6,168)=2.49; p<0.05) 
for both study groups. For the smokers, performance at 06:00 was significantly 
faster than at baseline, while for the non-smokers, performance was significantly 
faster at 08:00 than at baseline.
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Figure 3.3.4: STM results from for smokers and non-smokers overnight 
performance study
These data were then pooled to show the effect of setsize on response speed for 
the two groups. These results showed that as setsize increases, so.too does 
response speed for the set. These finding were significant (F(2, 26)=60.663, 
p<0.0005). There were no differences between the two study groups.
104
Figure 3.3.5
This graph shows the STM response speeds in groups according to their setsize in milliseconds for n 
= 30 subjects. STM-RT results were taken from overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 
06:00 and 08:00 in a group of 15 smokers and a group of 15 non-smokers. Standard Errors of the 
mean were omitted from the graph for clarity.
SEM’s for the smokers group were between 37.34 and 60.49 ms for the setsize of 1.
SEM’s for the smokers group were between 39.30 and 57.14 ms for the setsize of 3.
SEM’s for the smokers group were between 38.57 and 61.47 ms for the setsize of 5.
SEM’s for the non-smokers group were between 27.39 and 59.43 ms for the setsize of 1.
SEM’s for the non-smokers group were between 23.53 and 57.67 ms for the setsize of 3.
SEM’s for the non-smokers group were between 29.23 and 62.78 ms for the setsize of 5.
Post-hoc analyses showed that the response speeds slowed significantly for both groups as the setsize 
increased.
Figure 3.3.6
This graph shows the mean PRT from the CTT task giving response speed in milliseconds for n = 30 
subjects. PRT results were taken from overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 06:00 and 
08:00 in 15 smokers and 15 non-smokers. Standard Errors of the mean were omitted from the graph 
for clarity.
SEM’s for the smokers group were between 14.04 and 21.57 ms.
SEM’s for the non-smokers group were between 18.89 and 38.42 ms.
Post-hoc analyses showed that the response speeds for the non-smokers were significantly slower at 
02:00 than it had been at 10:00. There were no other results of significance.
900 - 
850 - 
800 - 
750 - 
700 " 
mS 650 - 
600 1 
550 - 
500 - 
450 -
3 51
setsize
* = significant effect of setsize, p < 0.05
Smokers 
■®~~ Non-smokers
Figure 3.3.5: Pooled STM results for the smoker and non-smokers in the 
overnight performance study
There were no results of significance from the CTT task, however the peripheral 
reaction time component of this task showed a significant effect of time 
(F(6,168)=2.92; p<0.05) with the response times for the two groups increasing as 
the night progressed (figure 3.3.6).
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igure 3.3.6: PRT results from the CTT task showing the peripheral response 
speeds of the smokers and non-smokers overnight
The results from the CFF task show an overall effect of time which was 
significant (F(6,168)=3.68; p<0.005) for the smokers. The performance of the 
non-smokers remained constant for the duration of the trial (figure 3.3.7). CFF 
thresholds for the smokers dropped significantly from baseline to the same level 
as the non-smokers, and the CFF thresholds of the two groups were comparable 
for the remainder of the testing period.
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I Figure 3.3.7
I This graph shows the mean CFF thresholds in Flz for n = 30 subjects. CFF results were taken from 
' overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 06:00 and 08:00 in 15 smokers and 15 non- 
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers were between 0.98 and 1.67 Hz.
SEM’s for the non-smokers were between 1.32 and 1.98 Hz.
Post-hoc analyses showed that the thresholds of the smokers dropped significantly between 20:00 and 
I 08:00.
Figure 3.3.8
This graph shows the mean LARS scores in mm for n = 30 subjects. LARS measurements were taken 
from overnight trials at 20:00, 22:00, 00:00, 02:00, 04:00, 06:00 and 08:00 in 15 smokers and 15 non- 
smokers. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the smokers were between 1.56 and 3.78 mm.
SEM’s for the non-smokers were between 0.96 and 4.10 mm.
Post-hoc analyses showed that both groups perceived significant levels of fatigue that increased as the 
night progressed.
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Figure 3.3.7: CFF results for the smokers and non-smokers overnight
The data from the subjective sedation rating scales (LARS) show a significant 
effect of time (F(6,168)=20.63; pcO.OOOOl) as the subjects from both groups felt 
progressively more tired as the night wore on. The scores for the smokers were 
marginally higher than those of the non-smokers, however there were no 
significant differences between the two groups (figure 3.3.8).
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Figure 3.3.8: Results from the LARS measure of subjective sedation of the 
smokers and non-smokers overnight
It was thought that any variance or stability in the results from the smokers may 
have been dependent upon their smoking behaviour, but examination of times 
that cigarettes were smoked showed that following an initial period of heavy 
smoking on arrival at the test centre, the number of cigarettes smoked was fairly 
consistent throughout the night.
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Figure 3.3.9: Showing the number of cigarettes smoked each hour during the 
night by the smokers
33 .7  Discussion
These data show that although there was a single result of significance for the 
TRT, the data from the TRT and RRT aspects of the choice reaction time task are 
largely non-significant. There is no real effect of tiredness demonstrated in these 
results nor any difference between the performance of the smokers versus the 
non-smokers. For the MRT aspect of this task, the smokers performed 
significantly faster than the non-smokers throughout the night. No effect of 
fatigue was noted in either group. This suggests that possible nicotine facilitates 
the Motor Response latency as measured by this task.
The STM task showed that performance improved for both study groups, 
significantly so at one time point for both smokers and non-smokers, possibly 
suggesting that both groups were combating their tiredness. It may be however, 
that the STM task is not sensitive enough to detect the small amounts of sedation 
that were being displayed by this study population. Once pooled, the response 
latencies from this task increased significantly with setsize according to the 
theory of Sternberg (1966, 1969, 1975) however, again, no effects of smoking 
versus non-smoking were detected.
There were no significant results from the CTT task, although for the Peripheral 
reaction time component of this task, the response latencies of both groups
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increased. The data for the two groups almost mirrored one another. For the CFF 
task, following a high baseline score for the smokers, performance of the two 
groups was comparable for the duration of the night as were the results from the 
LARS.
It would seem, from these data, that with the exception of the MRT task, 
performance on each of these tests was comparable between groups. Smoking 
enabled the smokers to perform as well as the non-smokers.
These data could have implications for shift workers, people who have to 
occasionally work through the night or those whom embark upon a long journey, 
as smokers allowed to smoke freely are able to maintain more consistent 
performance levels on most of the variables measured. Records for the number of 
cigarettes smoked showed that following an initial heavy smoking phase on first 
arrival, the number of cigarettes slowed down to a relatively consistent level for 
the duration of the night.
Smokers generally self-regulate their nicotine levels, smoking a cigarette only 
when the need for nicotine is felt (Gilbert, 1995). Nicotine increases the 
acetylcholine release from the cerebral cortex, which has been associated with 
cortical arousal. Thus the maintenance of performance levels shown by the 
smokers may be due to their self-regulation of nicotine thus their increased levels 
of acetylcholine in the CNS. Cigarette smoking could therefore be determined to 
be a coping strategy in habitual smokers, and may thus explain why the smokers 
performed as consistently as the non-smokers throughout this trial.
Gotten et al (1971) found that performance on a simple reaction time task was 
improved by smoking 40 and 55 minutes following a cigarette however if the 
task was conducted immediately or 5 minutes following the cigarette 
performance was impaired. Tests conducted at 15 and 25 minutes post cigarette 
showed no differences from the control condition in which there was no 
smoking. The aim of this study was not to judge how long following a cigarette 
performance was improved, merely whether the free smoking of cigarettes 
affected performance under adverse performance conditions such as this 
overnight study regime.
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There is conflicting evidence on the effect of nicotine withdrawal on smokers. 
Parrott et al (1996) gave evidence that sensory, motor, information processing 
and attentional skills all deteriorated when smokers were required to abstain from 
cigarette smoking, substantiating evidence from Koelega (1993) who reported 
impaired performance with acute withdrawal from nicotine. Contradicting these 
findings is a report by Warburton and Amall (1994) showing that there are no 
differences in performance on a RVIP task between a group of smokers deprived 
for up to 12 hours and a group of non-smokers, however following cigarette 
smoking, the performance of the smokers was improved. As there was no effect 
of withdrawal, Warburton and Amall (1994) suggested that the improvements in 
performance were a direct result of smoking the nicotine cigarette. Lyon et al 
(1975) reported similar findings that showed that the effects of alcohol were 
comparable between non-smokers and deprived smokers, but following two 
cigarettes, smokers showed shorter response times. In this study the smoking 
subjects were allowed to smoke freely on study days both prior to arrival and 
whilst at the test centre.
As there was no withdrawal from cigarettes involved in the present study, 
maintenance of performance among the smokers may be a result of the nicotine 
obtained from the cigarettes. No improvement in performance was noted, and as 
there was no relief from withdrawal, this was expected.
These results therefore give an indication of the effects of nicotine in smokers on 
psychomotor performance over a prolonged period of wakefulness. Although 
natural fatigue is noted in both study groups, the results largely show that fatigue- 
related impairment occurs to an equal extent in the smoking population and non­
smoking controls. This finding is substantiated by the fact that the same levels of 
sedation are reported in subjective ratings.
The high correlation between CFF and the LARS subjective sedation ratings 
shown by Parrott (1982b) is not in evidence on this occasion for either group. 
Although the sedation ratings showed both groups becoming significantly more 
fatigued as the night progressed, CFF thresholds remained almost constant for 
both groups. This would suggest that although the both groups felt more tired as 
the night progressed, they were able to maintain performance levels.
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One criticism of this study could be that no measures were taken for long 
duration vigilance. Previous research has shown that performance becomes more 
impaired in longer duration tasks among sleep deprived subjects (Lee and 
Kleitman, 1923; Bjemer, 1949; Wilkinson, 1968). However, present research 
shows that it is possible to detect performance impairment from only the short 
duration tasks used in this study, supporting evidence from Lisper and Kjellberg 
(1972) who reported that short duration reaction time task performance 
deteriorated among subjects suffering sleep loss. It is also worthy of note that the 
fact a person smokes could be in part a result of the personality type of the 
person.
Results from this study showed no profound performance impairment among 
smokers or non-smokers on short duration tasks, which previous research 
suggests (Lee and Kleitman, 1923; Bjemer, 1949; Wilkinson, 1968) could be 
greatly exaggerated in any person performing long laborious tasks overnight. It is 
suggested that the smokers smoke in order to be able to maintain the performance 
levels that are displayed by their non-smoking counterparts. The MRT results 
from experiment two, showing that the smokers performed significantly faster 
than the non-smokers suggests that there may be some component in nicotine 
which enhances motor response latency.
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4 Chapter  F o u r : T he  E ffects of  Tea and O th er  B everages 
on  P sycho m oto r  Perform ance
4.1 Chapter Outline
This chapter examines the effects of five beverages (water, low caffeine tea, high 
caffeine tea, low caffeine coffee and high caffeine coffee) on psychomotor 
performance. This is a novel experiment not only in the fact that the caffeinated 
coffee was compared to tea and water, but in that testing commenced as soon as 
10 minutes following the ingestion of the first beverage. The beverages were 
consumed at four time points throughout the day. Following administration of the 
drinks, testing procedures took place at 10, 20 and 30 minutes post 
administration in order to assess the time taken for the caffeine to begin having 
an effect.
4.1.1 Introduction
Although there are numerous studies on the effects of caffeine and coffee (Lorist 
et al, 1994; Smith et al, 1994; Frewer and Lader, 1991; Loke 1990; Loke et al, 
1985) there are few studies describing the acute effects of tea. This is surprising 
as tea, an infusion of unfermented (‘green’) or fermented (‘black’) leaves from 
the plant Camélia sinensis, is the most frequently consumed beverage in the 
world besides water (Graham 1992).
To date there are few studies reporting a psychopharmacological effect of tea 
consumption independent of caffeine, and these are confined to in vitro or animal 
models. Chronic administration of decaffeinated green tea in the drinking water 
of mice exposed to psychosocial stress significantly reduced physiological stress 
markers and behavioural responses (Henry and Stephens-Larson 1984).
More recently it has been reported that at least some flavonoids possess a 
selective and relatively mild affinity for benzodiazepine receptors and a 
pharmacological profile compatible with that of a partial agonist action (Medina 
et al, 1997). However, the effect of flavonoids found in tea on these receptors has 
not been investigated, and these findings have not been followed up with well- 
controlled human trials. Nevertheless they raise the intriguing possibility that
111
biologically active substances in tea may have independent 
psychopharmacological effects and /or modify the effects of caffeine in the body. 
One way of testing this hypothesis is to investigate whether the 
psychopharmacological effects of beverages such as tea and coffee are similar to 
those of equivalent doses of caffeine, per se.
There is considerable evidence that caffeinated beverages other than tea can 
produce an improvement in cognitive function and psychomotor performance 
(Barone and Roberts, 1984; Bonnet and Arand, 1994; Bonnet et al, 1995; Jarvis 
1993; K en et al, 1991a; Mitchell and Redman, 1992; Rogers et al, 1994; Smith 
et al, 1990; Zwyghuizen-Doorenbos et al, 1990). Although results are sometimes 
inconsistent, the usual finding is that caffeine improves performance on a variety 
of tasks, particularly those requiring sustained effort or attention (e.g. Bonnet and 
Arand, 1994; Frewer and Lader 1991; Lorist et al, 1994; Nicholson et al, 1984; 
Smith et al, 1990). It has been argued that caffeine simply restores degraded 
performance in those subjects under caffeine withdrawal, but there is evidence 
that it can also enhance non-degraded performance (Rogers et al, 1994). 
Furthermore a highly significant positive relationship exists between habitual 
caffeine intake and psychomotor performance (Jarvis 1993). These effects occur 
in non-users of caffeine and in those with their preferred levels of caffeine, as 
well as in subjects deprived of their normal intake of caffeine. Performance • 
differences are pronounced in the last group, particularly in vigilance tasks. For 
example, in caffeine deprived subjects Starmer et al, (1995) showed that caffeine 
improved accuracy on a tracking task compared to placebo where performance 
deteriorated. Kerr et al, (1991a) showed that caffeine also enhances performance 
and cognition in non-deprived subjects, on a range of tests including critical 
flicker fusion and choice reaction time. Similar results have been found by 
Barlow and Baer (1967), Zwyghuizen-Doorenbos , (1990), inter alia.
Vigilance (and cognitive performance) typically declines over the day, and it is 
therefore plausible that regular consumption of caffeinated beverages throughout 
the day may help prevent this performance decrement. The time course of these 
effects however has not been described.
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The effects of caffeine tend to be dose and task-related. Moderate doses of 
caffeine improve psychomotor performance whereas higher doses may not.
Frewer and Lader (1991) found that attention and vigilance were improved by a 
250 mg dose of caffeine compared to placebo. A higher dose (500 mg) of 
caffeine impaired performance at 45 minutes post ingestion, however at 165 
minutes post administration 500 mg caffeine facilitated performance on this task. 
Improvements in reaction time performance were maintained in the high-dose 
group. Furthermore, tasks with a significant motor component are known to be 
more susceptible to the effects of caffeine (Chait and Griffiths 1983; Foreman et 
al, 1989; Frewer and Lader 1991; Ghoneim et al, 1986; Loke 1990; Loke et al, 
1985). This emphasises the importance of studying the psychopharmacological 
effects of caffeine at doses relevant to normal consumption patterns.
Caffeine attains maximum plasma concentration (Tmax) around 30-60 minutes 
post-consumption (Passmore et al, 1987; Blanchard and Sawers, 1983; Bonati et 
al, 1982; Marks and Kelly 1973) and has an elimination half life of between 3 
and 6 hours, though the latter can be affected by a range of factors including 
smoking and oral contraceptives (Fagan et al, 1988; Lader and Bruce 1989; Snel 
1993). Caffeine is a lipophilic substance that easily passes across the blood brain 
barrier and a close relationship should exist between the pharmacokinetic and 
pharmacodynamic effects of the substance. It would be expected, therefore, that 
the cognitive and psychomotor effects of caffeine would be maximal around the 
Tmax- For this reason, caffeine effects are often measured >45 minutes post­
administration (e.g., File et al, 1982; Lieberman et al, 1987; Swift & Tiplady, 
1988, Zahn and Rapoport 1987a, Zahn and Rapoport 1987b; Corr et al, 1995), 
though a few studies have measured responses from 30 minutes post­
consumption (e.g., Smith et al, 1994). Recent evidence suggests that effects may 
indeed occur 10-30 minutes after ingestion of caffeine on measures of skin 
conductance responses (SCR, Quinlan et al, 1997). Changes in SCR are used as a 
sensitive measure of autonomic nervous system activation and have recently been 
correlated with cerebral cortical activity (Lim et al, 1996). These findings 
therefore raise the intriguing possibility that caffeinated beverages may have 
more rapid effects on cortical function than hitherto described.
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The current study aimed to investigate whether the administration of these 
beverage causes any change in CFF or CRT in the time period immediately 
following consumption or over the whole 24 hour period. In order to assess this, 
the same beverage was administered four times on each study visit, with a 
different beverage (Black tea - high caffeine; black tea - low caffeine; black 
coffee - high caffeine; black coffee - low caffeine; water) being administered on 
each study visit, thus all subjects thus undertook each beverage condition. 
Psychometric testing took place at regular intervals throughout the day and also 
immediately preceding and at 10, 20 and 30 minutes post ingestion of each 
beverage.
4.1.2 Assessments
• Choice Reaction Time
• Critical Flicker Fusion Threshold
4.1.3 Subjects
29 volunteers completed the study (14 female and 15 males). Their mean age was
27.3 years (range 19-36). All subjects were regular tea and coffee drinkers 
(drinking a minimum of two cups of coffee per day), in good physical and mental 
health, and free from concomitant medication. All subjects were fully trained on 
the psychometric test battery. Approval was obtained from the University of 
Surrey Ethics Committee. Subjects provided their written informed consent.
4.1.4 Design
A  complete five-way crossover design was used in which each subject acted as 
their own control. Allocation of treatments was based upon 4 sets of randomised 
5 x 5  Latin squares. The five treatment conditions were: Black tea (high 
caffeine); Black tea (low caffeine); Coffee (high caffeine); Coffee (low caffeine); 
Water. By this method, each subject had a different beverage on each of the five 
study days that they were present at the test centre, and on each occasion, the 
beverage of that visit was administered four times (09:00, 13:00, 17:00 and 
21:00).
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4.1.5 Beverages
All drinks were 300 ml in volume and were served at 55°c. They were prepared 
from a larger sample, a proportion of which was sent to the laboratory for 
analysis of its caffeine content. The black tea and decaffeinated black tea were 
freeze dried tea solids prepared from a standard blend by T. J. Lipton Inc., 
Englewood Cliffs, USA, and contained 7.18% and 0.54% caffeine, respectively. 
The freeze dried coffee granules (Maxwell House Gold Blend) contained 2.97% 
caffeine. The doses of caffeine were as follows:
- Low caffeine tea, 37.5 mg caffeine, equivalent to 1 cup
- High caffeine tea, 75 mg caffeine, equivalent to 2 cups
- Low caffeine coffee, 75 mg caffeine, equivalent to 1 cup
- High caffeine coffee, 150 mg caffeine, equivalent to 2 cups
- Mineral water, served at room temperature, no caffeine
4.1.6 Procedure
Subjects arrived at the study centre having been told to abstain from caffeine- 
containing drinks and foods from the previous evening. They completed a 
baseline test battery at 08:30h.
Beverages were administered at 09:00 13:00 17:00 and 21:00h. Subjects 
performed CFF, CRT and LARS 10 minutes before each drink, then at 10, 20 and 
30 minutes following each drink (thus: 08:50, 09:10, 09:20, 09:30, 12.50, 13:10, 
13:20, 13:30, 16:50, 17:10, 17:20, 17:30, 20:50, 21:10, 21:20 and 21:30h).
Additional test batteries were conducted at 08:30, 10:00, 11:30, 14:00, 15:30, 
18:00, 19:30, 22:00 and 22:30h. Volunteers were put to bed at 23:00h and 
awakened at 07:00h. A final test battery was conducted at 07:30h following 
which the subjects were allowed to leave.
4.1.7 Statistical Analysis
To control for inter subject variability in baseline scores, all data were 
transformed to differences from baseline by simple subtraction. The data from
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Figure 4.1
EEEEEEEE":æœ a21:30, 22:00, 22:30 and 07:30 the following morning. The points on the x axis should not be evenly 
spaced. Standard Errors of the mean were omitted from the graph for clarity.
SEM’s for the water group were between 12.46 and 18.45 ms.
SEM’s for the low tea group were between 14.12 and 17.94 ms.
SEM’s for the low coffee group were between 12.08 and 25.26 ms.
SEM’s for the high tea group were between 11.76 and 17.14 ms.æzsszs <-»—
the water (placebo) condition becoming faster over the course of the 24 hour testing period.
the psychometric variables (CFF and CRT) were then analysed using analysis of 
variance tests (ANOVA). These were repeated measures analyses with two 
factors: Beverage (at five levels: Water, low tea, high tea, low coffee and high 
coffee) and time (at 26 levels). (Alternatively, these data could be interpreted as 
times post beverage, with four different beverage times on each single day of 
testing, each with its’ own baseline and 5 test points following ingestion of the 
drink - plus two additional test points, one overall baseline and one the morning 
following a nights rest). Initial results were reported as changes from baseline. 
Post hoc analysis using the Newman-Keuls test were conducted on all significant 
findings, thus enabling comparisons between the five treatment groups for each 
time point as well as changes over time with each drug.
4.1.8 Results
The TRT results showed that there was a significant effect of time (F(25, 
91.5)=2.64; p<0.00005). There were no significant differences in performance 
levels between the different caffeine conditions. Performance at times 19 and 20 
(19:30 and 20:50), prior to the fourth drink of the day, was significantly faster at 
these time points than at baseline, this effect was possibly a result of the 
reduction in response speeds under the placebo condition.
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Figure 4.1: Results from the TRT aspect of the CRT illustrating differences in 
performance between the five beverage conditions over the 26 test sessions
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Figure 4.2
This graph shows the mean RRT in milliseconds for n = 29 subjects. RRT results were taken from 26 
trials at 08:30, 08:50, 09:10, 09:20, 09:30, 10:00, 11:30, 12:50, 13:10, 13:20, 13:30, 14:00, 15:30, 
16:50, 17:10, 17:20, 17:30, 18:00, 19:30, 20:50, 21:10, 21:20, 21:30, 22:00, 22:30 and 07:30 the 
following morning. The points on the x axis should not be evenly spaced. Standard Errors of the 
mean were omitted from the graph for clarity.
SEM’s for the water group were between 8.35 and 13.58 ms.
SEM’s for the low tea group were between 8.12 and 11.58 ms.
SEM’s for the low coffee group were between 7.77 and 17.52 ms.
SEM’s for the high tea group were between 7.82 and 12.94 ms.
SEM’s for the high coffee group were between 8.61 and 12.93 ms.
No results of significance were noted from this measure.
The results from the RRT aspect of this task showed that there were no 
significant changes in performance levels over the duration of the study day 
within treatment groups, nor were there any significant effects of dose.
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Figure 4.2: Results from the RRT aspect of the CRT showing difference in 
performance between the five beverage conditions over the 26 test sessions
The data from the motor aspect of the choice reaction time task showed that 
there was no significant drug effect, however there was a significant effect of 
time (F(25, 53.3)=3.88; p < 0.005). On this task, performance was significantly 
faster at times 20 and 25 (20:50 and 22:30) compared to the earlier test points in 
the day. This is possibly a result of the decrease in response latency under the 
placebo condition.
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Figure 4.3
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o owing morning. The points on the x axis should not be evenly spaced. Standard Errors of the 
mean were omitted from the graph for clarity.
SEM’s for the water group were between 9.47 and 12.36 ms.
SEM’s for the low tea group were between 9.67 and 14.12 ms.
SEM’s for the low coffee group were between 9.96 and 13.63 ms.
SEM’s for the high tea group were between 9.21 and 12.72 ms.
SEM’s for the high coffee group were between 9.24 and 13 74 ms
significantly so at times 20 and 25 (20:50 and 22:30).
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Figure 4.3: Results from the MRT aspect of the CRT showing differences in 
performance between the five beverage conditions over the 26 test sessions
Results from the CFF task showed significant changes both over time (F(25, 
1.35)= 13.16; pcO.OOl) and a drug time interaction (F(100, 0.97)= 1.25; p<0.05). 
Specifically, performance under all conditions decreased slightly from baseline 
over the testing period, with the exception of the high coffee, which although 
fluctuations were in evidence, remained around the baseline level. The major 
event of significance however, was that for every drug condition, performance at 
the last test point (in the morning following a nights sleep) was significantly 
improved compared to results from the previous day.
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Figure 4.4
This graph shows the mean CFF thresholds in Hz for n = 29 subjects. CFF thresholds were taken 
from 26 trials at 08:30, 08:50, 09:10, 09:20, 09:30, 10:00, 11:30, 12:50, 13:10, 13:20,13:30, 14:00, 
15:30, 16:50, 17:10, 17:20, 17:30,18:00, 19:30, 20:50, 21:10, 21:20, 21:30, 22:00, 22:30 and 07:30 
the following morning. The points on the x axis should not be evenly spaced. Standard Errors of the 
mean were omitted from the graph for clarity.
SEM’s for the water group were between 0.39 and 0.50 Hz.
SEM’s for the low tea group were between 0.53 and 0.63 Hz.
SEM’s for the low coffee group were between 0.31 and 0.46 Hz.
SEM’s for the high tea group were between 0.47 and 0.56 Hz.
' SEM’s for the high coffee group were between 0.51 and 0.62 Hz.
Post-hoc analyse showed that there was a significant effect of time and a drug/time interaction with 
thesholds decreasing between each drink. Thresholds increased significantly for each group at the 
final test point. This was due to all groups performing better in the morning following sleep.
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Figure 4.4: CFF results showing differences in overall CNS activity between the 
five beverage conditions over the 26 test sessions
4.1.9 Discussion
These results showed that there were few effects of significance either between 
drugs or over time within the drug conditions. The response latencies decreased 
overall for the TRT and the MRT at three time points, however, no drug effects 
were noted. The placebo group had a high baseline score on both these aspects of 
the CRT task compared to the other drug conditions, so this result may have 
been the effect of the response latencies decreasing from this point. On the MRT 
task the response times dropped slightly for all drug conditions, with the largest 
effect being noted under the placebo condition between baseline and 19:30 and 
between baseline and 22:30. The results under the low tea condition also fit these 
findings, however the decrease in response latencies for this condition was to a 
lesser extent. The results from the TRT aspect of the task showed more 
fluctuations in response latencies between drug conditions, however the decrease 
in response latencies was significant at times 19:30 and 20:50 (half an hour and 
10 minutes prior to the final drink of the day). The greatest decreases in response 
latency were again between baseline and these time points under the placebo and 
the low tea condition.
119
For the CFF task, there were more results of significance, with a significant effect 
of time and a drug time interaction being in evidence. The drug time interaction 
was a result of the performance under the low tea condition at baseline being 
significantly different from high tea and the high coffee groups. The performance 
of the low tea group was superior to that of both high tea and high coffee before 
the first beverages were administered. For all drug conditions performance shown 
by the CFF task was interesting. The results followed the same pattern for each 
group, therefore they will be discussed collectively, illustrating differences 
between groups where necessary. Generally, the performance became impaired 
between each administration of the drinks. However, although performance 
improved in cycles around each beverage time, the peak was actually prior to the 
beverage being administered rather than as a result of the beverage. Following 
this peak, performance decreased once again, only to improve prior to the next 
drink. This occurred to a lesser extent before the final drink of the day, with 
natural fatigue possibly over-riding the expectancy effect. For all drug conditions 
except the low coffee, the performance following a nights sleep was significantly 
superior to that of the evening before. In the case of the low coffee, the 
performance at time 24 (22:30) was significantly lower than at baseline.
By the evening, the circadian rhythm dictated levels of fatigue that were not 
affected by the prospect of a hot drink. This suggests that these doses of caffeine 
were not large enough to mask these effects of circadian slowing.
The results from the CFF task suggest that the improvement in performance prior 
to the administration of the beverage was possibly the result of anticipation of the 
beverage and the expectation that the drink would make them “feel” and possibly 
perform better.
Both Kirsch and Weischel (1988) and Fillmore and Vogel-Sprott (1995) have 
examined the effects of “expectancy” on performance (using caffeine, section 
1.11.2; and alcohol respectively, section 1.13.2), however both groups of 
researchers reported differences in performance due to expectancy after the drug 
had been administered rather than before it. Kirsch and Weischel (1988) found
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that subjective alertness was increased regardless of whether caffeine or placebo 
had been administered. This finding of improved performance prior to beverage 
administration was not significant, however a trend is in evidence, and this could 
potentially be an area for future research.
One potential criticism of this study could be that as the sample size was so small 
a type II error may have occurred. This is however unlikely, as the number of 
subjects used were consistent with those used by other researchers. The number 
of subjects used in this experiment was in line with Corr et al, 1995 who used 30 
subjects and was greater than those in the experiments of Robertson et al, 1978 
who used 9 subjects; Robertson et al, 1981 who used 18 subjects and Chamey et 
al, 1984 who used 11 subjects.
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5 Chapter  F iv e : T he  P artial Evaluation o f  A R eactio n  
T im e  Ta sk  B ased  on the  Theory  o f  H ick
5.1 Chapter Outline
This chapter aims to investigate whether the use of a reaction time measure based 
on Hick’s theory (1952) may be useful in assessing the effect of drugs on 
performance. The chapter pilot tests this as a new reaction time measure and 
offers a partial evaluation of its merits as a psychometric test. This task is novel 
to psychopharmacology. Each time a stimulus is presented, the number of 
possible stimuli from which the target stimulus will be presented alters. Thus the 
subject has to concentrate on a constantly changing set of indicator lights which 
determine where the actual stimulus could appear. The chapter moves on to 
discuss the results and conclusions of each of these individual pilot studies.
5.2 Hick’s Reaction Time Task
T he amount of information conveyed by the selection 
of a particular message is defined as the logarithm to the 
base 2 of the reciprocal of the a priori probability that 
this particular message will be selected’ Hyman, 1953
5.2.1 Why Hick’s Law?
Two different types of variable reaction time task have been examined in depth 
as psychological measures. In the first, the intensity of a constant number of 
stimuli is variable (see Cattell, 1886, discussed in chapter one). In the second the 
intensity of stimuli remains constant while the number of stimuli (or information 
load) is varied. Studies of reaction time in which the intensity of stimuli remains 
constant, while the number of responses is variant are examined in the remainder 
of this thesis.
Research into this concept of responses to a variable number of stimuli began 
with Merkel (1885) and was followed by Hick (1952). There were three pioneers 
of the theory that has become known as ‘Hick's Law’. Merkel’s data was based
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on stimuli (Roman numerals I-V and Arabic numerals 1-5, cited in Hick, 1952) 
situated in a circular formation. When one of the stimuli was illuminated, 
subjects responded by lifting their finger from a predetermined corresponding key 
upon which the fingers were resting. Merkel found results similar to those shown 
in figure 5.1, with the increase in reaction time forming a ‘smooth uninflected 
curve’ as the number of stimuli increased beyond four, the increase in reaction 
time became slightly less. There were some methodological flaws in the write up 
of this research however as Merkel did not state whether the stimuli were 
illuminated in a random order or a set order. The degree of choice for each 
stimuli that the subject had to respond to however, always increased sequentially.
Example of the trend of results shown by Merkel
0.6
0.5 --
0.4 --
ms 0.3 --
0.2 - -
6 8 1040 2
Number of Stim uli
Figure 5.1.1: Example of the trend of results found by Merkel
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The work of Hyman (1953) involved subjects being presented with an array of 
thirty six small lights, situated in rows to form a square.
o o o o o o
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Figure 5.1.2: Example of the apparatus used by Hyman
In this experiment, only eight of the lights were used, four on the outer comers of 
this large square, and four on the comers of the next square in. Thus the eight 
lights would have appeared as a square within a square. Subjects were taught that 
each light should elicit a different distinct sound from them (Bun, Boo, Bee,
Bore, etc.). On presentation of an illuminated light, the subject responded by 
making the correct verbal response. Hyman (1953) found a curvi-linear 
relationship between reaction time and the amount of information presented in 
each of three experiments:
i) 8 conditions which ‘differed from one another only in terms of the number of 
equally probable alternatives from which the stimulus could be chosen’
ii) 8 conditions ‘which involved different numbers of alternatives and different 
probabilities of the occurrence of these alternatives’
iii) ‘Different numbers of alternatives were used, and in every condition all 
alternatives occurred equally often’
Hyman (1953) concluded that the stimuli in the experiments of both himself and 
Hick had behaved in a similar fashion to ‘bits’ of information. The subjects 
received information and acted upon it. If there was a large amount of incoming 
information, then responses to the information took a greater amount of time. 
Hyman (1953) also found that if a stimulus was immediately followed by itself a
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second time, reaction time decreased and where there was no relationship 
between subsequent stimuli, reaction times were much longer.
Hick (1952) was however the most prominent of these theorists, who showed that 
as the number of stimuli increases, reaction time also increases in a log-linear 
function. Research by Hick was conducted using 10 stimuli lamps, based in ‘a 
somewhat irregular circle’. This setting of the apparatus was designed so the 
subjects would avoid any grouping when watching the stimuli and also to place 
them close enough together to prevent any need for eye movements. When one of 
the stimuli was illuminated, the subject had to respond by pressing his finger on a 
predetermined Morse key, on which his fingers were already resting.
Three experiments were conducted:
a) The stimulus presentations in this experiment were ascending in number 
of stimuli presented (from 2-10), descending and one in a more random, 
irregular order
b) The subjects were asked to response more quickly, and risk making more 
errors
c) An entirely new 10 stimuli sequence was conducted to ensure that the 
subjects had not learnt the sequences in the previous trials
Findings showed that the results for experiment one, two and three, for subject A, 
fit a curve with the equation 0.518 logio (n+1). For subject B, the results fit the 
curve described by the equation -0.042+0.519 logio (n+1) for all three 
experiments. In experiments two and three the subjects were the experimenter 
and his research assistant, although no mention of whom the subjects were in the 
first experiment was made. This could possibly have confounded the results of 
Hick as both volunteers mentioned were aware of the experimental design and 
the expected findings. If the equation:
mean choice reaction time = K log2 («+1)
(where K  is the simple reaction time, a constant, and n is the number of stimuli) 
is applied to the findings, the results form a straight line. Thus as the information 
load increases, the reaction time increases in a log-linear function. This theory
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has become known as Hick's’ Law. It is important to note that n+1 is used in this 
equation rather than purely n. Hick suggested that when a subject is responding to 
a stimulus, the subject must determine not only which .of the stimuli is 
illuminated but also whether or not a stimulus has actually appeared. If a subject 
has not noticed that a stimuli is illuminated then no response will be made and an 
error occurs or conversely, if a subject responds to a stimulus which was never 
illuminated then again an error occurs. In this respect it is important that the 
equation takes account of whether a stimulus is presented. If the ‘n’ of this 
equation is taken as being ‘no stimulus’ then the above initial equation may be 
rewritten as:
mean choice reaction time = K  log N
where K once again is the constant (Welford, 1976).
The data from Hick's experiments show reaction time rising in a linear fashion 
with increasing ‘information load’. Although this may be a general law, the slope 
of the function (1 f) varies with factors such as response compatibility reported by 
Fitts and Posner (1967). They found that this linear relationship (between number 
of choices and reaction time) becomes steeper when the stimuli and responses are 
not instantly compatible i.e., matching keys to numbers etc. When however, the 
responses are compatible spatially with the stimulus or the subject has to respond 
verbally to the stimulus, the linear relationship has a lower gradient.
5.3 Methodology and Justification for the Hicks Reaction Time Task
In psychopharmacology, reaction time tasks are frequently utilised to provide a 
measure of any change in sedation or arousal levels, following the ingestion of 
the psychotropic compound being researched (e.g., Danjou et al, 1992; Muraoka 
et al, 1992; Ngen and Hassan, 1990; Norman et al, 1990; Griffiths et al, 1986; 
Hindmarch, 1983b; and Seppâlà et al, 1976). The results from these tasks are 
able to give an indication of general levels of alertness. These data can then be 
compared to baseline measures in order to give a pharmacodynamic profile of the 
drugs action and compared to results obtained following the administration of 
other active compounds in order to show comparisons between drugs. Choice
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reaction time is a widely used measure in psychopharmacology. It can be used 
either alone, or in conjunction with other tasks to form a battery of well 
established, valid and reliable tests. In this instance, the test battery is able to give 
an indication of how much actual impairment or stimulation would be caused in a 
person following the ingestion of a psychotropic compound. These results can 
then be generalised to real life performance on everyday tasks. An example of 
this is car driving. If a person shows a high level of sedation on the choice 
reaction time task, one hour following a large dose of alcohol, then it is a valid 
assumption that the same person is unfit to safely drive a motor vehicle at this 
same time point. If a person shows performance impairment on a controlled task, 
with only a small number of invariable stimuli, to allow this person to drive a car 
where conditions and external stimuli are constantly changing, could cause 
danger to themselves. Many studies have examined effects of psychotropic 
compounds on both psychometrics and actual car driving ability (Ramaekers, et 
al, 1995; van Laar et al, 1995; West et a/^1993; Hindmarch et al, 1992a; Volkerts 
et al, 1992; Willumeit et al, 1991; Brookhuis et al, 1990; Hindmarch and 
Harrison, 1988; Hindmarch, 1987; Harrison et al, 1985; Hindmarch and 
Gudgeon, 1983; Stonier et al, 1982; Hindmarch and Parrott, 1980). Where car 
driving performance is measured, either simulated car driving is performed or 
actual driving in controlled conditions, often with a driving instructor and dual 
controls. Reaction times as measured by laboratory tasks give results which are 
comparable with brake reaction time in simulated or actual car driving ability 
tasks. Therefore when performance decrements are detected by car driving ability 
tasks, impairment of an equal proportion should be indicated by the 
psychometrics used in the study. Inferences can therefore be made between the 
results of reaction time psychometric measures and real life brake reaction time. 
Thus it is possible to warn people of potential sedative effects from active 
compounds following laboratory experiments.
We aimed to discover whether this reaction time task, following the theory of 
Hick could possibly be a more sensitive measure of performance than is presently 
attainable by conventional reaction time tasks. It was hypothesised that different
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presently attainable by conventional reaction time tasks. It was hypothesised that 
different
classes of drugs may differentially affect the response patterns shown. That is, if 
one class of drugs affects only higher order processing 4, 5 and 6 stimuli- 
responses, another class may only affect the lower end of the information 
processing scale, 1 and 2 of the stimuli-response sets. However it may be that the 
slope of the responses is more due to the demands of the task and thus mask any 
drug effects (Fitts and Posner, 1967).
Apparatus for this new task was modified from the original Choice Reaction 
Time (CRT) equipment from the Leeds Psychometric Tester (LPT), currently in 
use at the HPRU (Hindmarch, 1979). The existing apparatus consists of six red 
light emitting diodes (LED’s) situated in an 120° arc with 24° between each 
LED. Each stimulus LED has a light sensitive response button situated 2 cm 
inside the LED’s following the same arc. This arc is situated on a 15 cm ‘radius 
circle centred on and forward of the start position’. This new version of the CRT 
equipment had an extra row of green LED’s 2 cm above the existing red 
‘stimulus’ LED’s (see figure 5.3) which indicate to the subjects which of the 
stimulus lights may be illuminated.
Figure 5.3.1: Modification of the Leeds Psychometric Tester Choice Reaction 
Time Task to a Hick's Reaction Time Task. Note: not drawn to scale. Where O is 
a green LED (the start position and all indicator LED’s), where S  is a red 
stimulus LED and where O is the light sensitive response button.
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If there is one green light illuminated, the subject will only have to respond to the 
corresponding red stimulus light (a simple reaction time task). If there are two 
green lights illuminated, either of the two corresponding red stimuli lights may be 
illuminated. This procedure is the same for all six of the possible red light 
options.
5.4 Pilot Studies
Three variants on the Hick’s reaction time task were used during these pilot trials. 
The core difference between these tasks was the way in which the stimuli were 
presented.
The three different methods of presentation for the indicators and stimuli on the 
new task were:
i) Where the number of green indicator lights (thus possible stimuli lights) rises
sequentially from 1-6 (1CRT (SRT), 2CRT, 3CRT, 4CRT, 5CRT and 6CRT), if
there is a single light illuminated, the subject has to make 20 responses to this 
light {sequential test)
ii) Where the number of green indicator lights illuminated is completely random and
each time the subject makes a response, the number of indicator lights is altered 
{random test)
iii) The indicator lights are illuminated and remain so for 20 red stimulus 
presentations before the number of indicator lights changes, as in the sequential 
condition. However, in this instance, the order in which the indicator lights are 
illuminated is random {random blocks)
Pilot studies were therefore conducted on each of these different modes of the 
Hick’s reaction time task in order to determine:
i) whether this version of reaction time task equipment effectively produced 
results consistent with Merkel (1885), Hick (1952) and Hyman (1953)
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ii) whether all aspects of measurable reaction time follow the same pattern or 
whether differences exist between MRT, RRT and TRT
iii) following confirmation of (i) and (ii), which would be the most sensible 
choice of task, in terms of levels of information given to the researchers 
for use in drug studies
In each of these three studies 19 healthy volunteers (6 male and 13 female, mean 
age 32 years) all with prior experience of the CRT task from the LPT used at the 
HPRU were tested on the Hick’s Reaction Time task. For the first study, the 
subjects were required to visit the test centre twice. On each occasion two 
versions of the task were tested. These were i) sequential order and ii) random 
order. Half of the subjects conducted the sequential trial followed by the random 
trial on their first visit with the other half conducting a random trial followed by a 
sequential trial. The order of testing was reversed on the second visit. Subjects 
were asked to regulate their caffeine, nicotine, food and alcohol intake to a 
constant level for the duration of the trial (usually two days, with one test session 
consisting of both modalities of the task on each day). The subjects were tested 
on both occasions at the same time of day to control for changes in circadian 
rhythm. As the existing CRT task was simply modified for the creation of this 
task, data for this new task is presented in a similar fashion. For each of the levels 
of choice (1-6) on this task all aspects of response times are presented (MRT, 
RRT and TRT), as was the case with the original CRT task.
5.4.1 Sequential Pilot Study Results
This pilot study measured preliminary results for both the sequential and random 
aspects of the Hick’s reaction time task. The sequential results are discussed first.
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Figure 5.4.1
This graph shows the results from the TRT (in milliseconds) aspect of the Hicks reaction time task 
run in a sequential format. 19 subjects were exposed to the task twice. Standard Errors of the mean 
were omitted from the graph for clarity.
The SEM for the first exposure was 21.11ms for the TRT aspect of this task.
For the second exposure to the task, the SEM was 23.39 ms.
Post-hoc analyses showed that there was a significant effect of the number of stimuli on response 
speed on both trials.
number o f stimuli 
* = significant increase from the single stimulus condition. P < 0.05
Figure 5.4.1: Results from the TRT aspect of the Hick’s reaction time task run in 
sequential format
There was an overall effect of information load (F=25.875, p<0.000005). The 
reaction times increased sharply between 1 and 2 stimuli on both the first and 
second trials, levelling to a more gradual gradient for the remainder of the 
increases in information load. There is a slight plateauing effect between 4CRT 
and 5CRT on trial one and between 5CRT and 6CRT on trial two. These results 
show a significant effect of the number of stimuli on reaction time (p<0.05). Post 
hoc comparisons show that on the first trial, one and two stimuli were responded 
to significantly faster than reaction times to three, four, five and six stimuli. On 
trial two, the 1CRT responses were significantly faster than all other conditions 
of information load. This could possibly be a result of the certainty of the 
direction of response when .only a single indicator light is illuminated, although 
this suggestion will be discussed more fully at the end of this chapter. When 
these data were plotted to the logarithmic base of 2 as Hick suggested, using the 
equation:
mean choice reaction time = LOGa (n+1)
the same data showed a trend towards the linear pattern however these data have 
been omitted as they do not add any substantial information to the content of this 
thesis.
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Figure 5.4.2
This graph shows the results from the RRT (in milliseconds) aspect of the Hicks reaction time task 
run in a sequential format. 19 subjects were exposed to the task twice. Standard Errors of the mean 
were omitted from the graph for clarity.
The SEM for the first exposure was 11.15 ms for the RRT aspect of this task.
For the second exposure to the task, the SEM was 11.45 ms.
Post-hoc analyses showed that there was a significant increase in RRT with the increase in the 
number of stimuli, however only when the increase in number of stimuli was two or greater.
number o f stimuli 
* = significant increase from the single stimulus condition. P < 0.05
Figure 5.4.2: Results from the RRT aspect of the Hick’s reaction time task run in 
sequential format
On both first and second exposures to the Hick’s reaction time task, recognition 
reaction times (RRT) increased in a linear fashion with increasing information 
load (F=19.0156, p<0.000005). On both the first and second trials, there were no 
significant differences between 1CRT and 2CRT conditions. Nor were there any 
significant differences at any stage between two consecutive levels of choice, 
however on both occasions significant differences (p<0.05) existed between 
information load groups consisting of two greater or fewer stimuli-response pairs.
The data from the MRT aspect of this reaction time task was much more variable 
than the results of the RRT and TRT (see figure 5.4.3). As the movement 
distance is equal for all response keys and no response can be made until the 
stimulus light has illuminated, two hypotheses were suggested for this aspect of 
the data:
i) There would be no difference between MRT responses for any of the 
changes in information load
ii) There would be a sharp increase in MRT as one stimulus became two 
stimuli, with the increase in choice being 100%, however for every 
increase to information load over and above two, the increase in reaction 
time would become smaller
On the first trial, there were no significant differences between response times for 
any of the increases in information load, although slight increases in MRT were
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Figure 5.4.3
This graph shows the results from the MRT (in milliseconds) aspect of the Hicks reaction time task 
run in a sequential format. 19 subjects were exposed to the task twice. Standard Errors of the mean 
were omitted from the graph for clarity. ■
The SEM for the first exposure was 14.88 ms for the MRT aspect of this task.
For the second exposure to the task, the SEM was 15.49 ms.
Post-hoc analyses showed that there was a significant increase in MRT on the second trial between 
responses to a single stimulus and responses to four, five and six stimuli.
noted. On the second trial, there were no significant increases between 
consecutive additions to the number of stimuli, but significances were noted 
between the response speed for a single stimulus, and response speeds for four, 
five and six ‘bits’ of information. These final three increases to information load, 
prompted responses which were within 2 ms of one another, with an overall 
increase on response time from 1CRT to 6CRT of around 20 ms. On the first 
trial, the increases in reaction time between 1CRT and 6CRT was merely 12 ms.
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Figure 5.4.3: Results from the MRT aspect of the Hick's reaction time task run in 
sequential format
The results of the MRT aspect of this task will naturally influence all TRT results 
(as TRT is a sum of MRT and RRT), thus it may be the case in the future that 
only RRT measures should be taken. The original Hick's theory was based purely 
on recognition response latency.
These response times were then correlated with the number of stimuli, to give an 
overall mean correlation coefficient of +0.690 for the three reaction time 
measures. This suggests that there is a relationship between the response times 
and the increasing number of stimuli.
5.4.2 Random Pilot Study Results
This pilot study examined the effects of a completely random order of indicator 
lights upon response times, thereby varying the information load that the subject 
had to respond to with each stimulus presentation. Once the subject had 
responded to a stimulus, the number of indicator lights immediately changed,
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Figure 5.4.4
This graph shows the results from the TRT (in milliseconds) aspect of the Hicks reaction time task 
run in a random format. 19 subjects were exposed to the task twice. Standard Errors of the mean were 
omitted from the graph for clarity.
The SEM for the first exposure was 8.68 ms for the TRT aspect of this task.
For the second exposure to the task, the SEM was 18.37 ms.
Post-hoc analyses showed that there was a significant effect of the number of stimuli on response 
speed with the TRT increasing significantly between 1 and 2 stimuli. The response speeds for all 
other increases in number of stimuli were slower than responses to a single stimulus.
thus the number of possible stimuli lights that may be activated was changed.
The results from the TRT aspects of this task (figure 5.4.4) show that there was a 
significant overall effect of information load (F=29.057, p<0.000005). The 
results from the two visits follow the same pattern, in that there was a significant 
increase in reaction time between 1CRT and all other responses for each visit 
(p<0.005). Following this sharp increase in response time between 1CRT and 
2CRT the gradient became less steep for the remainder of the increases in choice 
for both trials. The overall increase in response times was 80 ms on day one, with 
an increase of 45 ms between 1CRT and 2CRT and overall 60 ms on day two, 
with an increase of 40 ms between the single and two choices.
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Figure 5.4.4: TRT results from the Hick’s reaction time task run in a random 
format
Responses for the RRT aspect of the task showed that there was a significant 
effect of number of information load overall (F=23.7267, p<0.000005) with the 
response times for all multiple conditions being significantly slower than the 
SRT condition on both days one and two. On the first trial (day one), significant 
differences were also evident between 2CRT and 3CRT, and 5CRT and 6CRT. 
On the second trial (day two), the only other significant difference was between 
5CRT and 6CRT (all p<0.01). There was an increase of only 20 ms between 2 
and 5 stimuli on trial one and 10 ms between 2 and 5 stimuli on day two.
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Figure 5.4.5
increase in the
Figure 5.4.6
This graph shows the results from the MRT (in milliseconds) aspect of the Hicks reaction time task 
run m a random format. 19 subjects were exposed to the task twice. Standard Errors of the mean were 
omitted from the graph for clarity.
The SEM for the first exposure was 14.74 ms for the MRT aspect of this task.
For the second exposure to the task, the SEM was 14.07 ms.
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Figure 5.4.5: RRT results from the Hick’s reaction time task run in a random 
format
Data from the MRT aspect of this task did not show an overall increase in 
reaction time with increasing number of choices (F=3.915, p<0.003). There was 
no obvious linear pattern. These results will be discussed at the end of this 
chapter.
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Figure 5.4.6: MRT results from the Hick’s reaction time task run in a random 
format
These results were again subjected to correlation evaluations and there was found 
to be a strong mean correlation coefficient of +0.759 between the response 
latency and the number of stimuli.
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Figure 5.4.7
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5.4.3 ‘Random Blocks’ Study
Subjects were then asked to return to the test centre for testing on a third mode of 
the task. The time taken to complete the previous testing procedures was between 
7 and 10 minutes. It was felt that boredom and fatigue effects may have 
accounted for some of the increases in reaction time on the sequential version of 
the task thus, the increase in reaction times could have occurred as a result of a 
combination of the multiple responses and thé increases in stimuli. In this trial, 
the number of presentations was reduced to 60 from 120 and the levels of choice 
were presented in blocks of ten (half that of the sequential and random trials). 
However the blocks of 10 stimuli presentations were presented in a random 
order. This third trial was conducted in order to eliminate to an extent these 
confounding variables.
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Figure 5.4.7: TRT results from the Hick’s reaction time task run in random 
blocks format
TRT data from this ‘random blocks’ study showed that there was a significant 
overall effect of information load (F=10.805, p<0.000005). There was a 
significant increase in response time between 1CRT and all other levels of choice 
(p<0.05). The speed of reaction slowed in a linear fashion for the first four 
increases in information load (by 50 ms). They then quickened by 15 ms for the 
5CRT and slowed again to the previous high at 4 ‘bits’ of information when there 
was a choice of 6 possible stimuli to be responded to.
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Figure 5.4.8
This graph shows the results from the RRT (in milliseconds) aspect of the Hicks reaction time task 
run in a random blocks format. 19 subjects were exposed to the task twice.
The SEM was 7.79 ms for the RRT aspect of this task.
Post-hoc analyses showed that there was a significant effect of the number of stimuli on response 
speed with the RRT increasing significantly between 1 and 3 stimuli, 1 and 4 stimuli, 1 and 5 stimuli 
and 1 and 6 stimuli.
Figure 5.4.9
This graph shows the results from the MRT (in milliseconds) aspect of the Hicks reaction time task 
run in a random blocks format. 19 subjects were exposed to the task twice.
The SEM was 10.51 ms for the MRT aspect of this task.
Post-hoc analyses showed that there was a significant increase in MRT for 4 and 6 stimuli compared 
to the single stimulus condition.
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Figure 5.4.8: RRT results from the Hick’s reaction time task run in random 
blocks format
Findings from the RRT aspect of the task on this trial follow the pattern shown 
by the TRT data. There was a significant overall effect (F=7.766, p<0.000004) 
with reaction time increasing as the number of stimuli increased. These results 
again increased in a linear fashion for the first four increases in information load, 
dropping by 20 ms for 5CRT in this instance, and then slowing by around 35 ms 
for the 6 ‘bit’ information load. On this mode of the task there was no significant 
difference between 1CRT and 2CRT, however all other levels of choice produced 
significantly slower response latencies than the single choice condition.
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Figure 5.4.9: MRT results from the Hick's reaction time task run in random 
blocks format
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Responses for the MRT aspect of the random blocks task again showed a 
significant overall effect of levels of choice on response times (F=2.957, p<0.05). 
This finding however did not follow a linear pattern and the response time only 
increased by 17 ms over all six conditions. The response times increased 
gradually between 1CRT and 4CRT, they then however, became faster for the 
5CRT and 6CRT conditions. The only significant differences between these 
levels was between the 1CRT and 4CRT & 6CRT (p<0.05).
These results were again subjected to correlation evaluations and there was found 
to be a mean correlation coefficient of +0.491 between the response latency and 
the number of stimuli.
5.4.4 Discussion
These findings suggest that the maximum number of stimuli that have been 
researched in these instances are high enough to prove the theories of both 
Merkel and Hick. It is suggested that the plateauing effect noted in the sequential 
and random blocks pilot studies suggests that any further increase in the number 
of stimuli would result in a further levelling off of the data. Thus in order to 
conduct experiments using a reaction time task according to the theories of these 
pioneers of the theory of Hick’s Law, the apparatus developed in this instance is 
adequate. Even in the instance of the random trials where the levels of 
significance are least, there is a trend towards the effects found by Merkel (1885) 
and Hick (1952).
These findings, when plotted to the log2 (n+1) have not such a sharp slope as 
those in Hick's’ original studies. This could be a result of the proximity and 
compatibility of the stimuli/response relationship. The stimuli and response keys 
on this version of both the choice reaction time and the task developed according 
to Hick's Law have stimuli and response keys that are closely related, both 
physically and spatially.
There was no trend towards or increase in reaction time with increasing 
information load on the MRT aspect of the random mode of the task. These 
findings were expected, as the subject was unaware of the specific stimuli that 
was to be responded to there was no time to prepare a response. Thus the motor
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reaction time was roughly equal in all instances. This suggests that there may be a 
problem with the MRT and TRT data from the random trials, as any effect on 
MRT has an automatic effect on the TRT. Therefore, if on random trials, there is 
no effect of increasing information load on this MRT measure, total response 
times will be affected in a similar fashion.
These data show that for sequential and random testing the preliminary findings 
follow those of Hick and Merkel on the RRT and to a lesser extent the TRT 
aspects of the task. No results of significance were expected for the MRT data as 
the distance to each response button from the start position was the same. It was 
suggested however that there may be a significant increase in MRT from SRT to 
2CRT with the introduction of an element of indecision. When there is only one 
indicator light illuminated, the subject can guarantee which stimuli light will be 
illuminated, giving, in effect, a head start on the response. When however there 
are two indicator lights, the choice offered to the subject disallows this head start.
Examination of the data from the three modalities of this test showed that the 
data from the RRT aspect of the task was most fitting with the findings of Hick 
from the sequential mode of the task followed by the random mode, with the 
random blocks mode showing results that were least fitting with the theory of 
Hick. When this research was planned, the intention was to use the Hicks 
reaction time task in a random mode for all experimentation. Following the 
results of these pilot studies however, it was determined that experimentation 
should progress using all three modalities of the task on various actual 
pharmacological studies, to ensure that we were justified in discontinuing the use 
of two of the modalities.
In chapter six, the tea experiment shows data from the subjects presented with a 
random and a random blocks mode of the task. An experiment into the effects of 
GBE on an elderly population utilises the sequential and the random versions of 
the test, and an alcohol study uses the task as it was intended, in random mode 
and as a replacement of the CRT task.
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6 Chapter  Six : E xperim ents U sing  H ick s  Rea ctio n  T im e
T ask
6.1 Chapter Outline
This chapter intends to investigate the effects of some psychotropic compounds - 
caffeine, alcohol, and Ginkgo Biloba Extract, GBE - on the Hicks reaction time 
measure evaluated in chapter five. These three studies were used as a tool for the 
further appraisal of this task as a psychometric and in order for this to be 
possible, a variety of different subject populations were used. The caffeine study 
of chapter four was conducted in healthy young male and female volunteers and 
the new test was conducted only once on each study visit. For the alcohol study, 
the subjects were a population of young healthy females. They were used in order 
to examine the effects of alcohol on a group that would be around the same 
height and weight, thus enabling a similar amount of intoxication in each of the 
volunteers. The GBE study was conducted in an elderly population in order to 
evaluate the ability of this age group to conduct the task. In the tea study and the 
GBE study, the method of testing is compared to the traditional choice reaction 
time task (Hindmarch, 1979) and which has been widely validated and proved 
reliable. In the alcohol study however, it was felt that the task need not be 
compared to the CRT but used in its own right. It must be noted that the six 
stimuli condition of this new task (the Hick’s reaction time task) is actually the 
CRT as in existence. As the test is the major factor under examination, only the 
briefest of discussion of the drugs in question is given, however all are discussed 
more fully in the literature review.
6.2 The Effects of Tea and Coffee on the Hick’s Reaction Time Task
6.2.1 Introduction
This study was an extension of that discussed in chapter four, thus the 
introduction from that chapter stands correct for this following experiment.
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6.2.2 Assessments
• Hick’s Reaction time task
6.2.3 Subjects
29 volunteers completed the study (14 female and 15 males). Their mean age 
was 27.3 years (range 19-36). All subjects were regular tea and coffee drinkers, 
in good physical and mental health, and free from concomitant medication. All 
subjects were fully trained on the psychometric test battery. Approval was 
obtained from the University of Surrey Ethics Committee. Subjects provided 
their written informed consent.
6.2.4 Design
A complete five-way crossover design was used in which each subject acted as 
their own control. Allocation of treatments was based upon 4 sets of 
randomised 5 x 5  Latin squares. The five treatment conditions were: Black tea 
(high caffeine); black tea (low caffeine); coffee (high caffeine); coffee (low 
caffeine); water.
6.2.5 Beverages
All drinks were 300 ml in volume and were served at 55°c. They were prepared 
from a larger sample, a proportion of which was sent to the laboratory for 
analysis of its caffeine content. The black tea and decaffeinated black tea were 
freeze dried tea solids prepared from a standard blend by T. J. Lipton Inc., 
Englewood Cliffs, USA, and contained 7.18% and 0.54% caffeine, 
respectively. The freeze dried coffee granules (Maxwell House Gold Blend) 
contained 2.97% caffeine. The doses of caffeine were as follows:
- Low caffeine tea, 37.5 mg caffeine, equivalent to 1 cup
- High caffeine tea, 75 mg caffeine, equivalent to 2 cups
- Low caffeine coffee, 75 mg caffeine, equivalent to 1 cup
- High caffeine coffee, 150 mg caffeine, equivalent to 2 cups
- Mineral water, served at room temperature, no caffeine
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6.2.6 Procedure
The procedure occurred for the testing as shown in the previous chapter. 
Unfortunately due to limited time restrictions of the subjects, a single Hick’s 
reaction time task was completed at 14:20 each day, therefore no baseline 
measure was taken. This was Ih 20 minutes post drink and as such was analysed 
as being a single time point post drink. To substantiate these findings, 
comparisons will be made in the discussion of this section to those of the CRT 
both before and after this test point.
6.2. 7  Statistical Analysis
The results of this trial were subjected to analysis of variance with 2 factors 
(drugs, at 5 levels, water, low tea, high tea, low coffee and high coffee and 
number of stimuli, 1-6).
6.2.8 Results
The results from the TRT aspect of the Hick’s reaction time task on a random 
setting show that for each drug condition, as the number of stimuli increases 
response latency becomes greater (F(5,130)=65.333; pcO.OOOOl). There was also 
a significant drug effect (F(4,104)=2.614; p<0.05), in that the response speed for 
the single stimulus under the placebo condition was significantly longer than 
under the low coffee condition, this result was repeated throughout the trial, as 
following the ingestion of low coffee, response speeds to every increase in the 
number of stimuli were shorter than those produced following the placebo drink. 
The high tea condition also decreased response speed compared with water when 
responses to 3 and 6 stimuli were made.
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Figure 6.2.1
This graph shows the results from the TRT (in milliseconds) aspect of the Hicks reaction time task 
run m a random format for subjects under the five beverage conditions of chapter 4. This test was 
performed only once. As in previous graphs, the standard errors for the means were omitted for ' 
clarity. 29 subjects were exposed to the task a single time.
The SEM was 17.43 ms for the placebo (water) condition for the TRT aspect o f this task 
The SEM was 16.99 ms for the low caffeine tea condition of this task.
The SEM was 13.78 ms for the high caffeine tea condition of this task.
The SEM was 13.89 ms for the low caffeine coffee condition of this task.
The SEM was 20.30 ms for the high caffeine coffee condition of this task. i
PosMioc analyses showed that there was a significant effect of the number o f stimuli on response 
speed with the TRT increasing significantly as the number of stimuli increased. There was also a 
significant effect of drug, with response times following the ingestion of low caffeine coffee being 
faster than placebo under all stimuli conditions
Figure 6.2.2
This graph shows the results from the TRT (in milliseconds) aspect of the Hicks reaction time task 
run in a random blocks format for subjects under the five beverage conditions of chapter 4. 29 
subjects were exposed to the task a single time. The standard errors for the means were omitted for 
clarity.
The SEM was 17.16 ms for the placebo (water) condition of the TRT aspect of this task.
The SEM was 15.65 ms for the low caffeine tea condition of this task.
The SEM was 16.94 ms for the high caffeine tea condition of this task.
The SEM was 13.53 ms for the low caffeine coffee condition of this task.
The SEM was 18.09 ms for the high caffeine coffee condition of this task.
Post-hoc analyses showed that total response latency was longer for responses to 5 and 6 stimuli than 
to the single stimulus for the placebo group only.
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Figure 6.2.1: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random mode. TRT results
The TRT aspect of the random blocks trial did not show results that were as 
clear. There was an overall effect of the number of stimuli (F(5,135)=46.008; 
pcO.OOOOl) as there was a significant difference between response speed to a 
single stimulus and those made to 5 and 6 stimuli in the placebo group, with 
the response for the single stimulus being significantly faster. There were no 
other results of significance between the number of stimuli factor. There was a 
single drug effect, with the response rate under the placebo condition being 
significantly longer than following the high tea and low coffee beverages lor 
the single stimulus condition of the task.
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Figure 6.2.2: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random blocks mode. TRT results
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Figure 6.2.3
The SEM was 10.54 ms for the high caffeine tea condition of this task.
ï ï 6 Was 12-35 ms for the low caffeine coffee condition of this task. 
The SEM was 14.47 ms for the high caffeine coffee condition of this task
The results from the RRT aspect of the Hick’s reaction time task in random 
mode showed that there was again a significant effect of the levels of stimuli 
factor (F(5,130)=81.863; pcO.OOOOl), with response latency becoming slower 
with increases in the level of stimuli. There were no significant effects of drug 
shown by this aspect of the task.
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Figure 6.2.3: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random mode. RRT results
The results from the random blocks trial of the Hick’s test showed that for the 
RRT aspect of this task there was a significant effect of the number of stimuli 
factor (F(5,135)=48.445; pcO.OOOOl) with an increase in response speed with 
increases in the number of stimuli for all drug conditions. There was a 
significant effect of drug with the responses to a single stimulus being 
significantly slower following the water condition than those made following 
high tea and low coffee.
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Figure 6.2.4
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Figure 6.2.4: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random blocks mode. RRT results
MRT random data showed that there were significant differences illustrated 
both between drugs (F(4,104)=3.893; p<0.01) and number of stimuli 
(F(5,130)=5.288; p<0.()005). There was a significant difference between the 
response speeds to a single and four stimuli under the water condition, with 
responses to a single stimuli being significantly faster than response latency to 
four stimuli. There were also, significant differences between the speed of 
responses under different drug conditions. The speed of response to all stimulus 
variables was significantly faster following the low coffee than the water 
condition. The response speed for the four stimuli condition was significantly 
faster following low tea and high coffee than following water, and the 
responses following high tea were significantly faster than those made 
following water for the two, four, five and six stimuli conditions of the task.
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Figure 6.2.5
This graph shows the results from the MRT (in milliseconds) aspect of the Hicks reaction time task 
run in a random format for subjects under the five beverage conditions of chapter 4. 29 subjects were 
exposed to the task a single time. The standard errors for the means were omitted for clarity.
The SEM was 12.41 ms for the placebo (water) condition of the RRT aspect of this task.
The SEM was 10.97 ms for the low caffeine tea condition of this task.
The SEM was 10.45 ms for the high caffeine tea condition of this task.
The SEM was 19.62 ms for the low caffeine coffee condition of this task.
The SEM was 13.78 ms for the high caffeine coffee condition of this task, 
j Post-hoc analyses showed that there was a significant effect o f number of stimuli with motor response 
I latency to 4 stimuli being significantly slower than responses to a single stimulus under the water 
condition. There was also a significant effect between drugs with response speeds under the water 
condition being significantly slower than the low caffeine coffee condition for all number of stimuli 
conditions.
Figure 6.2.6
This graph shows the results from the MRT (in milliseconds) aspect of the Hicks reaction time; task j
run in a random blocks format for subjects under the five beverage conditions of chapter 4. 29 I
subjects were exposed to the task a single time. The standard errors for the means were omitted for !
clarity. i
The SEM was 13.66 ms for the placebo (water) condition of the RRT aspect of this task.
The SEM was 9.34 ms for the low caffeine tea condition of this task.
The SEM was 12.28 ms for the high caffeine tea condition of this task.
The SEM was 9.34 ms for the low caffeine coffee condition of this task.
The SEM was 13.93 ms for the high caffeine coffee condition of this task.
Post-hoc analyses showed following low coffee, there was an increase in response speed to the 6 
stimuli condition compared with the single stimulus condition. There was also a difference between 
drugs at the single stimulus condition, with response latencies under the water condition being slower i
than those following high tea and low water.
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Figure 6.2.5: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random mode. MRT results
MRT random blocks test results showed that there were significant differences 
between the levels of choice (F(5,135)=3.784; p<0.005) only following the 
consumption of low coffee, where the response speed for a single stimulus was 
significantly faster than the six stimuli presentation of this task. There was a 
significant effect of drug (F(4,108)=2.858; p<0.05) with response latency to a 
single stimulus being significantly faster following both high tea and low 
coffee than the water placebo. The low coffee condition also produced faster 
response latencies to the five stimuli presentation condition than water.
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Figure 6.2.6: Effects of water, low tea, high tea, low coffee and high coffee on 
Hick’s reaction time task in random blocks mode. MRT results
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6.2.9 Discussion
The data from this experiment were interesting as they showed that the effects of 
the different beverages were detected by the MRT aspect of the task, whilst the 
increase in response speed with increasing number of stimuli was in evidence 
only really from the RRT aspect of the task. The RRT data showed a single drug 
effect, under the random blocks mode of the task, where the responses to a single 
stimulus was faster following both the high tea and low coffee conditions than 
following the water placebo. It is also worthy of note that in the random blocks 
mode of this task, the RRT results under the placebo condition form an almost 
linear increase in reaction time with increasing number of stimuli, until the fifth 
stimuli condition is reached. The results from the high coffee and low tea 
conditions increase sharply with the step up from a single stimulus to the two 
stimuli condition of the trial, levelling off from this point, while the results under 
the high tea and low coffee form a more curved increase in response latency, with 
the increases in number of stimuli producing smaller increases in response speed 
at every level. These data, although non-significant, may suggest that the 
different beverages are differentially affecting the processing ability of the 
subjects to each increase in number of stimuli. The data from the MRT aspect of 
the trial show clear drug effects, when the task was run in random mode, 
however these are not as evident in the data from the random blocks trial. The 
TRT results as was expected showed a reflection of both the RRT and MRT 
aspects of the data. The random mode showed that performance following the 
low coffee beverage was significantly superior to that following placebo, and 
there was an increase in response latency (under all drug conditions) with 
increasing stimuli presentations. The incline of this slope was not as steep as 
shown by the RRT random data. The random blocks data for the TRT results 
were less conclusive again. The relative lack of significant results between the 
drinks on the RRT aspect of this task suggest that the active compound of these 
drinks affects motor responses father than recognition measures. This task 
showed differences between drugs that the traditional CRT task failed to detect 
(results discussed in chapter four), however this may be the result of a type I 
error. The fact that the MRT’s were faster under the low coffee condition for all
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levels of information processing and in one instance under the low tea and high 
coffee condition, suggests that caffeine could have a positive effect on motor 
response speed at 1.3 hours post ingestion of an average-strength cup of coffee. 
This task, with the altering levels of complexity, possibly enables illustration of 
differences in performance ability that the traditional CRT task is unable to 
detect. Further research is needed in order to substantiate these findings. ,
There are methodological issues that can be raised with regards to this study. The 
task should ideally have been conducted at regular intervals following the 
ingestion of the beverages. Unfortunately, due to the time taken to complete this 
task and the early stage of test development, whilst this particular study was 
being conducted, it was felt that the study should be utilised as an exploration 
into the use of the Hick’s reaction time task rather than a study of the Hick’s 
reaction time task as a measure per se.
6.3 The Effects of Four Doses of Alcohol on the Hick’s Reaction Time 
Task
6.3.1 Introduction
This study aims to examine the effects of four “social” doses of alcohol on 
performance of the Hick's reaction time task. The doses were placebo, 25 ml, 50 
ml, 75 ml and 100 ml vodka (40% proof) mixed with orange juice. The flavour of 
all drinks was disguised using gin essence. Alcohol was used in this experiment 
as the intoxicating effects are well documented (Rang and Dale, 1936). In 
addition to this there are well established and published accounts of the effects of 
alcohol on traditional measures of reaction time (Ryan et al, 1996; Maylor et al, 
1992; Maylor et al, 1989; Lubin 1977; Heacock and Wikle, 1974; King 1975; 
Robinson and Peebles, 1974).
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6.3.2 Assessments
• Hick’s Reaction Time Task
• Sternberg Memory Scanning Task (STM)
• Compensatory Tracking Task (CTT)
• Line Analogue Rating Scale (LARS)
6.3.3 Subjects
15 female volunteers took part in this study. Their mean age was 26.47 years 
(range 18-40) and all had a body mass index (BMI) of 18-30. All subjects were 
moderate drinkers of alcohol, in good physical and mental health, and free from 
concomitant medication, excluding the oral contraceptive pill. All subjects were 
fully trained on the psychometric test battery. Approval was obtained from the 
University of Surrey Ethics Committee. Subjects provided their written informed 
consent.
6.3.4 Design
A complete five-way crossover design was used in which each subject acted as 
their own control. Allocation of treatments was based upon a randomised 5 x 5  
Latin square. The five treatment conditions were: Placebo, 25 ml vodka, 50 ml 
vodka, 75 ml vodka and 100 ml vodka.
6.3.5 Beverages
The drinks were mixed (by a person independent of the study) each morning prior 
to the arrival of the subjects. These were then placed in a refrigerator until they 
were needed. Each drink contained the required amount of alcohol, 0, 25, 50, 75 
or 100 ml vodka (40 % proof) plus 200 ml of chilled orange juice and 0.5 ml of 
gin essence. This disguised the flavour of the alcohol and masked the lack of 
alcohol in the placebo condition. These low doses of alcohol were designed to 
assess the effects of a moderate drink in a social situation. The drinks were 
consumed by the volunteers in a semi-social situation, in the kitchen of the 
testing centre.
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6.3.6 Procedure
Subjects arrived at the study centre having been told to abstain from caffeine- 
containing drinks and foods since the previous evening. They completed a 
baseline test battery at 10:00h.
Drinks were administered at 10:30h following baseline testing on arrival. Each 
test battery consisted of Blood Alcohol Concentration measurements (BAG), 
Hick’s reaction time task in random mode, STM, and LARS. Test batteries were 
conducted at baseline, 30 minutes, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours,
3.5 hours, 4, 5, 6, 7, and 8 hours post dose. A very small lunch (2 slices of toast 
and an apple) was provided 4.5 hours following the administration of the drink. 
Following the final test battery of the day, subjects were allowed to leave the test 
centre. All subjects were transported to and from the test centre by taxi.
6.3.7 Statistical Analyses
The results of the BAG test and the STM mean test were subjected to analysis of 
variance with 3 factors: Alcohol at five levels (placebo, vodka 25 ml, vodka 50 
ml, vodka 75 ml, and vodka 100 ml) and time (at 13 levels; baseline, 0.5, 1, 1.5, 
2, 2.5, 3, 3.5, 4, 5, 6, 7 and 8 hours post dose). Due to size restrictions with the 
“Statistica” Statistical package which has been used for all previous analysis, the 
data from the Hick's reaction time task for this study were analysed using 
“Minitab for Windows’’. The data were therefore analysed in a different format. 
As the TRT is the sum of MRT and RRT, only the MRT and RRT have been 
analysed in this instance to save repetition. In both instances, the data from all 
subjects were analysed for homogeneity. For both data sets, as there were 
differences between the scores of the subjects, an analysis of variance looking at 
the response times and their interaction with Dose, Number of Stimuli and Time 
of Day has been conducted within subjects. When these were not significant, 
analyses were broken down into three way interactions, using response speed as 
the independent variable. Analyses were then further broken down into pairwise 
comparisons (i.e., Dose and Time) with response speed as the independent 
variable. Factors used were alcohol (at 5 levels: Placebo; 25 ml vodka; 50 ml
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Placebo; 25 ml vodka; 50 ml vodka; 75 ml vodka; 100 ml vodka) and number 
of stimuli (1-6) and Time at 13 levels (one for each of the test points). 
Following the preliminary findings, which did not differentiate clearly between 
the active drug groups, the results for the two lowest doses of alcohol were 
combined, as were the two highest doses of alcohol. Thus, in this second set of 
analysis for the RRT measure of the Hick’s reaction time task, there were 3 
levels in the alcohol factor: Placebo; low alcohol (25-50 ml vodka); high 
alcohol (75-100 ml vodka).
6.3.8 Results
The results from the BAG measurements showed that there was a significant 
effect of the levels of alcohol that were ingested (F(4,52)= 109.024; 
pcO.OOOOl), increasing in a dose response fashion. As the amount of alcohol 
administered increased, so too did the recorded BAG’s. There were also 
significant differences over time (F(12,156)= 125.737; pcO.OOOOl) with the 
levels of alcohol increasing at the 0.5 hours test point, peaking on all occasions 
at 1 hour post dose, and then dropping gradually until there was no evidence of 
alcohol. The longest time that alcohol caused a significant effect was following 
the 100 ml dose, which remained significantly evident at 5 hours post dose.
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Figure 6.3.1: BAG levels throughout the day for the five alcohol conditions
Data from the random mode of the Hick’s reaction time task showed that from 
the RRT aspect of this task, there was no significant interaction from the 
multiple analyses (Subject x Dose x Number of Stimuli x Time), nor was there
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Figure 6.3.2
This graph shows the RRT data (in milliseconds) for the five alcohol conditions. The graph shows 
data that has been pooled, combining all time points. The data shows that there is a clear increase in 
RRT as the number of stimuli increases. 15 female subjects participated in this trial. The standard 
errors for the means were omitted for clarity.
SEM’s were between 8.36 and 15.05 ms for the placebo group.
SEM’s were between 9.4 and 11.56 ms for the 25 ml alcohol group.
SEM’s were between 8.72 and 13.01 ms for the 50 ml alcohol group.
SEM’s were between 11.01 and 17.45 ms for the 75 ml alcohol group.
SEM’s were between 9.76 and 11.99 ms for the 100 ml alcohol group.
Post-hoc analyses showed that there was a significant effect number of stimuli, with an increase in 
response latency with every increase in the number of stimuli.
any significant interaction between any three of the factors. There were 
however
pairwise interactions. There was a significant interaction between response 
speed and the number of stimuli, showing that as the number of stimuli 
increased, the recognition reaction time lengthened. This was the case for each 
individual subject and was significant for all (F( 14,5643)= 1.94; p<0.05). A 
further analysis was then conducted, examining the effect of the number of 
stimuli within subjects. This enabled an examination of the effects that the 
number of stimuli had on each subject (figure 6.3.2). These analyses showed 
that there was a positive correlation between increasing the number of stimuli 
and response speed for every subject (F(15, 5718)=66.56; p<0.005).
Placebo
Number of Stimuli
Figure 6.3.2: Showing the effects of alcohol on the RRT from the Hick’s task 
(random format)
The RRT data also showed that there was a significant effect of dose on 
response speed for each subject (F(14,5643)=2.14; p<0.05). For all apart from 
two of the subjects this was a positive correlation, with response time 
increasing as the dose of alcohol increased with the exception of the highest 
dose of alcohol. For alcohol 100 ml, the RRT, although performance was 
significantly slower than for placebo and alcohol 25 and 50 ml, latencies 
decreased in comparison to response times following the 75 ml alcohol dose. 
This suggested that although there is not a linear pattern in the increase of 
reaction time with increasing doses of alcohol, there is a trend for RRT to 
increase as more alcohol is ingested.
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RRT (MS)
385 i  
380  
375 
370 4 
365 
360  
355 4 
350
Placebo 25 ml ale 50  ml ale
D ose o f  A lcohol
75 ml ale 100 ml ale
Figure 6.3.3: Showing mean RRT following the four doses of alcohol and 
placebo
RRT data were then transformed by adding the two low alcohol groups together 
and calculating the means, then adding the two higher doses of alcohol together 
and calculating the means in order to give an effect of a low alcohol group 
compared to a high alcohol group and placebo. Results were again analysed as 
using a General Linear Model Analyses of Variance. Again there was no 
significant interaction from the multiple analyses (Subject x Dose x Number of 
Stimuli x Time), however on this occasion a significant effect of dose was 
evident (F(15,3450)=50.28; p<0.005).
Placebo
D ose o f  A lcohol
Figure 6.3.4: Showing pooled RRT data for placebo, the low alcohol and the 
high alcohol conditions
From this analysis a significant effect of the number of stimuli was detected 
(F(15,3450)=62.02; p<0.005), with the response speed increasing in an almost 
linear fashion with each increase in the number of stimuli presented. There was
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Figure 6.3.5
This graph shows the RRT data (in milliseconds) for the alcohol conditions. The graph shows data 
that has been pooled, combining all time points. The data has also been pooled to give only three 
alcohol conditions, placebo, low alcohol (comprising of the 25 ml alcohol and the 50 ml alcohol 
groups) and high alcohol (comprising of the 75 ml alcohol group and the 100 ml alcohol groups). 15 
female subjects participated in this trial. The standard errors for the means were omitted for clarity. 
SEM’s were between 8.36 and 15.05 ms for the placebo group.
SEM’s were between 14.48 and 17.33 ms for the low alcohol group.
SEM’s were between 15.54 and 18.33 ms for the high alcohol group.
Post-hoc analyses showed that there was a significant effect number of stimuli, with an increase in 
response latency with every increase in the number of stimuli. There was also a significant drug effect 
with the subjects under the high alcohol condition responding more slowly to every level of stimuli 
that was presented.
also a significant effect of dose (F(2,3502)=50.80, p<0.005). RRT responses 
were slower for each increase in level of choice (number of stimuli) following 
the combined high dose of alcohol than for the low dose (combined group) and 
placebo groups which were comparable.
Placebo
Number of Stimuli 
+ = sig different from placebo, p < 0.05
Figure 6.3.5: Showing the effects of alcohol on the RRT from the Hick’s task 
(random format) for the combined doses of alcohol
As there is no way of presenting the whole data set graphically, the complete 
data from the RRT and MRT aspects of the Hick’s reaction time task in 
random mode are presented in tabular form on the following pages (Tables
6.3.1 and 6.3.2).
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The data from the MRT aspect of the task (figure 6.3.6) showed that there was no 
significant effect of dose on motor response latency. There was however, a 
significant effect of time (F(15,5687)=13.95; p<0.005), with the MRT of the 
subjects becoming slower as the test day progressed. There was no effect of the 
number o f stimuli on this aspect of reaction time, nor were there any significant 
interactions between any of the factors analysed.
MRT (ms)
245 -, 
240 - 
235 - 
230 - 
225 - 
220  - s i s
Placebo 25 ml ale 50 ml ale 75 ml ale 100 ml ale 
Dose of Alcohol
Figure 6.3.6: Showing the mean MRT results for the five doses of alcohol
The results from the STM task (figure 6.3.7) showed that there were no results of 
significance either over time or between alcohol levels. As there were no 
significant drug effects from the STM measure, these results were grouped 
together in order to analyse the effects o f the difference in setsize as a factor. It 
can clearly be seen that there was again no effect of drug on this factor, however 
there was a significant effect of setsize, with the response time increasing by 
approximately 51.11 milliseconds with each increase in setsize o f two digits.
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Figure 6.3.7
This graph shows the STM-RT data (in milliseconds) for the five alcohol conditions. The graph 
shows combined time points. The data has also been pooled to give STM results in terms of setsize 
for each of the five alcohol conditions. 15 female subjects participated in this trial. The standard 
errors for the means were omitted for clarity.
SEM’s were between 12.68 and 51.88 ms for the placebo group. j
SEM’s were between 12.55 and 77.61ms for the 25 ml alcohol group.
SEM’s were between 13.74 and 50.05 ms for the 50 ml alcohol group.
SEM’s were between 20.73 and 98.60 ms for the 75 ml alcohol group. ■
SEM’s were between 12.18 and 121.77 ms for the 100 ml alcohol group.
Post-hoc analyses showed that there was a significant effect number of stimuli, with an increase in I 
response latency with every increase in the number of stimuli.
Figure 6.3.8
2 ? e SEM's were between 0.79 and 3.84 mm for the placebo group. 
l £ e s were between 10.6 and 3.44 mm for the 25 ml alcohol group.
S '  Were ^e,ween °-86 and 3-58 mm for the 50 ml alcohol group.
were ?etween 0 82 and 3-20 mm for the 75 ml alcohol group
The SEM s were between 1.12 and 3.50 mm for the 100 ml alcohol group.
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Figure 6.3.7: STM data showing the effects of the four alcohol doses on the 
response speeds to the different setsizes used in the Sternberg Memory 
Scanning task
The results from the LARS rating of subjective sedation (figure 6.3.8) showed 
that there was an effect of drug (F(4,52)=3.473; p<0.05), an effect of time 
(F( 12,156)= 1.826; p<0.05) and a drug time interaction (F(48,624)=2.069; 
p<0.0001). Alcohol, at both 50 and 100 ml significantly increased the ratings of 
sedation at 1.5 hours post administration compared to placebo, with the highest 
dose of alcohol resulting in ratings of greater sedation from 0.5 hours following 
ingestion of the drink to 3 hours post administration. Within the groups, the 
ratings of sedation following the alcohol 100 ml dose increased significantly 
between the baseline measure and 1.5 hours post dose.
65 -i
60 -
mm 55 -
50 - ■4— Placebo 
■ — ale 25 ml 
ale 50 ml 
■X—ale 75 ml 
-X— ale 100 ml
time (hours)
Figure 6.3.8: LARS overall effect of subjective sedation following the four 
doses of alcohol and placebo over the 8 hour time course of the testing day
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6.3.9 Discussion
The data from the first analysis of the Hick’s reaction time task showed that there 
were significant differences between response speeds for the levels of stimuli and 
also between the doses of alcohol administered in this study. Effects of alcohol 
were detected by the RRT aspect of the task, with the performance of the subjects 
becoming more impaired as the levels of alcohol increased. This was not a linear 
trend however, as on all occasions, recognition reaction times following the 
highest dose of alcohol were slightly faster than those following the alcohol 75 
ml dose. This effect was not significant, however does suggest that possibly there 
is a ceiling effect with alcohol impaired performance.
There was a significant effect of the number of stimuli, suggesting that the Hick’s 
reaction time task that was developed for this thesis worked in terms of the 
response speed becoming slower as the information load increased. There was 
however, no interaction between number of stimuli and dose of alcohol. This 
could be explained by two alternative factors the suggestion that the effects of 
alcohol really do not affect the processing of information of this type 
differentially. It has the same slowing effect on a single or multiple stimuli 
regardless, and no increase or decrease in information load would affect this in 
any other way (see Fitts and Posner, 1967; section 5.3)
It is possible to see from this spread of results that there is a pattern to the data. 
However, rather than alcohol selectively affecting higher or lower order 
processing (i.e., the higher or lower levels of choice) it seems to impair 
processing across the range, with impairment being produced whether responding 
to a single or multiple stimuli.
Once the transformation of the data had been conducted, with data from the two 
low alcohol groups being combined and the data from the two higher alcohol 
groups being combined, the effects of alcohol on the RRT aspect of this task 
became clearer. There was a significant effect of dose on RRT, with the 
responses following the (combined) high alcohol dose producing significantly 
slower reaction times. There was no significant distinction between the low 
alcohol group and the placebo control. For the MRT measure of this task, there
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was no significant effect either on the number of stimuli or the alcohol dose. Nor 
was there an interaction between any of the variables measured. The lack of any 
change in MRT due to the increase in information load was expected. It is 
thought that any increase in RT due to an increase in the number of stimuli being 
presented is a result of the longer duration of time to recognise that a stimulus is 
being presented rather than a delay in reaction to that knowledge. This then 
complies with the theory of Hick. The lack of any effect of alcohol on this 
measure was a surprise, however it is possible that alcohol only begins to affect 
motor co-ordination in larger doses than those given in this experiment.
There was no significant effect of alcohol on the Sternberg memory task, 
however when the results were pooled to take into account the effect of setsize, 
although there was no significant drug effect, the results from the effects of 
setsize follow exactly the theory of Sternberg (1969, 1975), as the response speed 
for each addition to the setsize increased by approximately 25 ms. The subjective 
ratings of sedation as demonstrated by the LARS questionnaire showed that there 
was a significant increase in perceived sedation at 1.5 hours post administration 
of alcohol 50 ml and alcohol 100 ml.
6.4 The Effects of Ginkgo Biloba Extract (GBE) in an Elderly Population 
the Hick’s Reaction Time Task.
6.4.1 Introduction
In this study the effects of Ginkgo Biloba Extract (GBE) were tested in an elderly 
population. Ginkgo Biloba Extract is a natural plant extract prepared from the 
leaves of the ginkgo biloba tree. Consisting of pro-anthocyanides, flavonoid 
glycosides and terpene substances, GBE has found to be efficacious in the 
‘alleviation of psychobehavioural deficit’ in old age (Parkin and Dawe, 1995). 
Cognitive and psychomotor decline reportedly improved by the ingestion of GBE 
are memory abilities, sensori-motor skills and reaction time (Fairweather et cd, 
1993c). Evidence from studies in young volunteers suggest that improvements in 
memory performance as measured by the Sternberg Memory Scanning Task were 
noted following GBE 600 mg (Subhan and Hindmarch, 1984).
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6.4.2 Methods
6.4.3 Subjects
16 healthy elderly volunteers (9 female and 7 male, mean age 7.1.31) were 
admitted to this randomised, double blind, crossover study. Prior to enrolment 
onto the study, all subjects signed written informed consent and underwent a 
medical examination. Those eligible were free from concomitant psychotropic 
medication for the duration of the study. Drug phases began once the subjects had 
been fully trained on the test procedures.
6.4.4 Procedure
GBE 100 mg and placebo were taken daily for 8 weeks by the subjects. There 
was a four week washout phase between treatments. This dose of GBE 100 mg 
was decided upon as this is the recommended daily intake dose for adults.
Testing occurred at the study centre on day 1 of weeks 0, 2, 4, 6, 7 and 8. The last 
capsule was taken on the morning of the final test session.
6.4.5 Assessments
• Choice reaction time (CRT)
• Sternberg Memory Scanning Task (STM)
• Hick’s Reaction Time Task
6.4.6 Statistical Analysis
These data were subjected to multiple analyses of variance with two factors; drug 
at 2 levels (GBE, placebo) and week at 6 levels (weeks 0, 2, 4, 6, 7 and 8).
6.4.7 Results
Choice Reaction Time
The data from the CRT task (table 6.4.1) showed that for the TRT aspect of this 
measure, there were no significant differences between drug groups or weeks of 
testing. This lack of significant results was also evident for the MRT and RRT 
measures of this test.
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Table 6.4.1: The mean scores and mean differences from baseline for all aspects 
of the CRT (MRT, RRT and TRT) task
Measure WeekO Week 2 Week 4 Week 6 Week 7 Week 8
MRT
Placebo 211.7 224.8 206.6 202.7 211.6 211.0
GBE 221.9 215.8 205.9 214.1 215.0 223.7
RRT
Placebo 397.0 395.3 403.6 395.1 403.0 401.5
GBE 399.2 385.0 409.9 384.8 402.9 392.0
TRT
Placebo 608.7 620.0 610.1 600.4 616.6 612.4
GBE 619.3 601.7 613.8 599.6 617.8 612.3
CRT results data showing the effects of GBE and placebo on all aspects of 
reaction time No significant differences between drugs or over time
Sternberg Memory Scanning Task
Again no results of significance were noted (table 6.4.2) between drugs. There 
was a significant effect of visit (F=3.73, p<0.05) with the mean response latency 
at week eight on the GBE phase of the trial being significantly shorter compared 
to the response latency of week six under the GBE condition.
Table 6.4.2: Effects of GBE and placebo on STM
Week Placebo GBE
0 726.3 716.4
2 677.9 699.1
4 733.4 739.5
6 746.9 752.5*
7 . 691.8 707.1
8 678.2 666.0*
Overall mean response times for the STM task
The data from the Sternberg Memory Scanning task were then pooled. A 
significant effect of memory setsize was noted (F=57.305, p<0.0000005), with 
the response time for correct present responses increasing with each increase of 2 
digits in the memory setsize (figure 6.4.1).
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Figure 6.4.1
This graph shows the STM data in milliseconds for the GBE versus placebo trial. 16 subjects 
participated in this trial. The graph shows data that has been pooled, combining all test points over the 
eight weeks. The data has also been pooled to give STM results in terms of setsize for both of the 
drug conditions.
SEM’s were between 16.17 and 66.31ms for the placebo group.
SEM’s were between 20.74 and 76.16 ms for the GBE group.
There was a significant effect of number of stimuli, with an increase in response latency with every 
increase in the number of stimuli. No drug effect was noted.
850 n
800 -
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700 -
650 -
600
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* = significant increase from setsize one. P < 0.05
-*— Placebo 
GBE
Figure 6.4.1: STM reaction time compared to setsize for Ginkgo biloba extract 
compared to placebo
Hick’s Variable Reaction Time
This study intended not only to examine the effects of GBE on an elderly 
population, but also to determine whether or not an elderly population was 
responsive to the Hick’s reaction time task. At the beginning of the study, 
subjects were divided into two groups of volunteers for this task. The first group 
conducted the Hick’s reaction time task in random mode (120 presentations per 
test session) at each study visit and the second group, the task in sequential mode 
(120 presentations) at each study visit. This testing procedure was fixed for the 
subject for the duration of the study. Complete data was only obtained for 14 of 
the volunteers from the Hick's Reaction Time Task, seven from each modality of 
the test.
6.4.8 Statistical Analysis
For statistical analysis, these groups will be treated as entirely separate. These 
data were analysed using Analyses of Varience (ANOVA) with three levels, drug 
(GBE, placebo), week (at 6 levels) and number of stimuli (also at six levels).
Sequential Trial Results
This group consisted of 7 volunteers (3 male and 4 female, mean age 70.14). 
Results from the MRT aspect of the task showed that there were no differences of 
significance. Response times were however, more variable during the GBE phase 
than the placebo phase. The RRT results from the Hick’s reaction time task 
showed that there was a significant effect of information load (F=29.135,
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Figures 6.4.2 and 6.4.3
of significance. Response times were however, more variable during the GBE 
phase than the placebo phase. The RRT results from the Hick’s reaction time 
task showed that there was a significant effect of information load (F=29.135, 
p<0.0000005) with response latencies becoming longer as the number of 
stimuli increased. Post hoc analysis using the Newman-Keuls test shows that 
during the placebo phase (figure 6.4.2), there were significant differences 
between the lowest and highest levels of information processing (1 and 6 
stimuli) at baseline (week zero), week two, week four and week eight (p<0.05) 
Weeks 6 and 7 showed no effect of number of stimuli. Data from the GBE 
phase of the study (figure 6.4.3) showed that a significant effect of number of 
stimuli was in evidence at baseline and on week four. There was no effect of 
drug on this mode of the task.
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-+— week 0 
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week 4 
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number of stimuli
Figure 6.4.2: Sequential data for RRT following placebo (weeks 0-8)
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Figure 6.4.3: Sequential data for RRT following GBE (weeks 0-8)
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Figures 6.4.4 and 6.4.5
These graphs show the TRT data in milliseconds for the GBE versus placebo trial on a sequential 
version of the task. 16 subjects participated in this trial. The subjects were split into two groups, half 
of which performed sequential trials and half of whom performed random trials. One from each group 
however missed a weeks testing, therefore 14 patients completed all sessions of this trial (n=7 in each 
group).
SEM’s were between 19.72 and 23.29 ms for the placebo group.
SEM’s were between 12.44 and 23.78 ms for the GBE group.
Post-hoc analyses showed that there was a significant effect of number of stimuli, with an increase in 
response latency with increases in the number of stimuli for both the placebo and the GBE groups.
No drug effect was noted.
Results from the TRT aspect of this sequential trial showed that there was 
again a significant effect of level of information processing (F= 14.325, 
p<0.000001). During the placebo condition (figure 6.4.4) a significant effect of 
information load (number of stimuli) was detected on weeks two, four and 
seven. On week 8 this increase in response latency with increase level of choice 
approached significance (p=0.053). The GBE condition of the trial 
demonstrated more variable results (figure 6.4.5) with a significant effect of 
information load evident on week four of this period (p<0.0005).
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Figure 6.4.4: Sequential data for TRT following placebo (weeks 0-8)
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Figure 6.4.5: Sequential data for TRT following GBE (weeks 0-8)
Random Trial Results
In the random group there were also seven volunteers (3 male and 4 female, 
mean age 73.14). For this group, there was a significant interaction between 
drug and week of the trial. Three of the subjects in this group missed week four
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j Figures 6.4.6 and 6.4.7
These graphs show the MRT data in milliseconds for the GBE versus placebo trial on a random 
version of the task. 16 subjects participated in this trial. They were split into two groups, half of 
which performed sequential trials and half of whom performed random trials. One from each group 
however missed a weeks testing, therefore 14 patients completed all sessions of this trial (n=7 in each 
group).
SEM’s were between 15.92 and 34.06 ms for the placebo group,
j  SEM’s were between 11.88 and 25.12 ms for the GBE group.
! There was a significant effect of week, with subjects in the GBE group producing slower response
speeds at baseline than at any other test point in the trial. No other effects were noted.
of the GBE phase due to missed visits. The data for these data points was 
replaced by the means of the rest of the data. There was a significant effect of 
week from the MRT data (figures 6.4.6 and 6.4.7) with the baseline week of 
GBE producing significantly slower responses than any of the other time points 
on either of the study phases, however this was possibly a result of a type I 
error. There was no effect of the number of stimuli on motor reaction time on 
any week of testing under either the GBE or the placebo condition.
ms 210  -
week 0
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week 4
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3 4
number of stimuli
Figure 6.4.6: Showing the random MRT data from the random trial following 
placebo (weeks 0-8)
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Figure 6.4.7: Showing the MRT data from the random hicks trial following 
GBE (weeks 0-8)
The RRT data for this random aspect of the trial showed that there was a 
significant drug time interaction (F=72.02, p<0.005). The response latencies 
were significantly faster during week 2 of GBE than week 2 of placebo for 
levels of choice one, two and three. The highest level of information processing 
(responses to the six stimuli condition) on week two showed shorter response
166
Figures 6.4.8 and 6.4.9
These graphs show the RRT data in milliseconds for the GBE versus placebo trial on a random 
version of the task. 16 subjects participated in this trial. They were split into two groups, half of 
which performed sequential trials and half of whom performed random trials. One from each group 
however missed a weeks testing, therefore 14 patients completed all sessions of this trial (n=7 in each 
group).
SEM’s were between 14.03 and 34.58 ms for the placebo group.
SEM’s were between 11.54 and 36.47 ms for the GBE group.
There was a significant effect of number of stimuli, with an increase in response latency with 
increases in the number of stimuli for both the placebo and the GBE groups. No drug effect was 
noted.
latencies under the GBE condition than those produced under the placebo 
condition. There was also a significant effect of the number of stimuli, with 
responses latency increasing with increasing information load (F= 16.64, 
0.00005). This significant increase in response time was evident on every visit 
during the placebo phase of the study, however only at baseline and at weeks 
two and seven the GBE phase of the trial.
week 0 
week 2 
week 4 
week 6 
week 7 
week 8
Figure 6.4.8: Showing the RRT data for the random Hick’s trial following 
placebo (weeks 1-8)
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Figure 6.4.9: RRT data for the random Hick’s trial following GBE (weeks 1-8)
The TRT data from this trial showed that there was no effect of drug. There 
was again, however, a significant effect of the level of information processing 
on response latency (F=20.263, p<0.00005). TRT measures reflected both the 
MRT and RRT data, increases in response speed with increasing number of 
stimuli were significant at baseline and on weeks two and four for the placebo
ms
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5 63 42
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6.4.9 Discussion
These data show that from the results of the CRT and the STM/RT measures 
there was no effect of Gingko Biloba Extract on performance. The results from 
the pooled STM data are in accordance with the theory of Sternberg (1969,
1975). The results from the Hick’s reaction time task are more variable, with no 
drug effect shown between groups on the sequential mode of the task for the 
MRT aspect of this measure, however results from the random mode of the task 
showed that at baseline of the GBE phase of the trial, performance was faster 
than at any other test point throughout the study. This result could however be a 
type I error as the sample size was so small. There was no effect of number of 
stimuli at any time during the study for the MRT aspect of either mode of this 
task. The RRT task showed an effect of number of stimuli at various stages 
throughout the two phases of the trial under the sequential modality of the task. 
This effect was more evident under the random mode of the task, but response 
speed did not increase with an increase in the number of stimuli for every test 
point throughout the trial. This may be the result of a type I error, or it may be 
that the elderly are less susceptible to the task. There was a single result of 
significance between drugs from the RRT data, showing faster response speeds 
for the GBE group compared to the placebo group on week 2 of the trial. This 
effect was however, only noted for a single stimulus and for the two and three 
stimuli conditions. Overall, it would appear clear from the existing validated tests 
(CRT and STM) that there were no effects of Ginkgo Biloba Extract on this 
elderly population. The results from the Hick’s reaction time task suggest that 
possibly, MRT under the random mode of the task may be decreased following 
GBE 100 mg for two weeks, a result which remained for the duration of this drug 
phase. If the random RRT result under the GBE phase of the trial had been 
evident for more than a single test session, it may have also been possible to 
suggest that GBE facilitates the speed with which an elderly population process 
lower levels of information load. However as this result did not last beyond one 
testing session, it may be concluded that this result was in fact a type I error. It is 
possible that this population needed more time to acclimatise to the task than was
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given, although training did take place prior to the commencement of the study. 
These results will be discussed in more detail in chapter seven.
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7 C h a pt e r  S e v e n : D isc u ssio n  a n d  C o n c l u sio n s
7.1 Contents of Chapter Seven
This chapter intends to bring together the findings from all of the experimental 
chapters that have been presented in this thesis, providing the rationale behind 
the experimental work. I will give a brief synopsis of the findings of each 
experiment and then draw conclusions from each chapter. I then hope to collate 
the findings and give an indication of the implications of this piece of research 
on the field of psychopharmacology. I hope that by the end of this chapter, it will 
be clear firstly why I conducted this research and secondly what I feel that this 
thesis offers to future researchers in the field.
7.2 Chapter Two: Practise Effects in the Young and the Elderly.
Chapter two was an investigation into the effects of practise on the testing 
methods used in this thesis. An experiment was conducted firstly on a young, 
healthy population because the majority of my research focused on subjects from 
this group. I then repeated the study on an elderly population for two reasons.
The first being that research was about to begin using healthy elderly volunteers, 
and secondly it is important not to make inferences across young and elderly age 
groups as they often respond quite differently. This is due in part, to the fact that 
young people are generally more computer literate than their elderly 
counterparts. The first hurdle in the enrolment of all subjects onto a trial is to 
ensure that they understand the tests and that they comprehend fully how to use 
the test equipment. Many of the elderly volunteers in this study had never used a. 
computer before.
This understanding is of primary importance for both the young and elderly 
populations as, if subjects are not trained up to a certain standard before being 
enrolled onto a clinical trial, any data from early visits might be confounded by 
learning effects. This could obscure any effect of drug, which in turn could lead 
to the mis-reporting of drug effects.
The young population showed no effect of learning on the CFF task. This finding 
was expected as the CFF task is a measure of CNS arousal. As all that the
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subjects had to do in order to make a response to this task was press a button that 
they held in their hand, it was envisaged that there would not be a learning curve. 
It was anticipated that the subjects might take time to determine their own 
‘method of limits’. This is called an adjustment phase; experimentation all 
subjects have to undergo in order to ensure that the flicker was really fusion or 
that the fusion was really flicker, while they became accustomed to the test. This 
presumption however, was not evident in reality. It is suggested that each time a 
subject is involved in a clinical trial, they are allowed a ‘warm up’ session of 
perhaps two CFF tasks to ensure that their ‘method of limits’ is ready before 
producing any baseline / drug measures.
In contrast, results from the elderly population from the CFF task showed that 
there was an acclimatisation period that could be described as a learning curve. 
There was an initial drop in CFF thresholds suggesting one of two alternatives. 
Either, it could have been that the subjects gave themselves the time to get used 
to the idea of the task, experimenting with the critical thresholds to ensure that 
on subsequent trials they really were pressing the button when they knew that 
they would see no more flicker. Alternatively, it could have been that they were 
becoming accustomed to pressing the response button that they held in their 
hand. By the fourth exposure to the task, the elderly population had reached a 
plateau on this task from which they did not subsequently deviate.
For both the young and the elderly populations, results from the CRT task 
showed definite evidence of learning. The response times (both RRT and TRT 
for the young population, and MRT and TRT for the elderly population) dropped 
significantly over the six test sessions of day one. By the end of a “six exposure” 
training session, both groups of subjects reached a plateau where they remained 
for the duration of the trial. What was most interesting from this study, was the 
means by which the two groups of subjects reached their plateaus. The young 
subjects showed a reduction in TRT as a result of decreased RRT, suggesting 
they subjects were learning to increase the speed with which they detected a 
stimulus. Conversely, the elderly population did not show any learning effect on 
the RRT aspect of the test, their TRT was reduced as a result of a decrease in 
motor response latencies. This was not anticipated, as MRT is only thought to be
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reduced by the psychotropic action of a drug. This effect was possibly due to the 
elderly subjects learning where and how far they had to move their hands.
In conclusion to these findings, it is suggested that (albeit for different reasons) 
both young and elderly populations are ready to begin the experimental phase of 
a clinical trial following a training session of a minimum of six exposures to the 
CFF and CRT tasks. It is also important that these data are only used for CFF 
and CRT tasks on the Leeds Psychomotor Tester in use at the HPRU. Any other 
type of CFF or CRT tasks may employ different methods, which are easier or 
harder to use. A trial of this nature should therefore be conducted by each 
researcher in their own institute with their own equipment to ensure that their 
subjects are providing reliable data from the outset of a clinical study.
7.3 Chapter Three: The Effects of Nicotine in Novel Testing Situations.
Although there has been much research into the effects of nicotine in recent 
years in psychopharmacology, and many studies into the effects of night work 
and circadian rhythm on performance, evidence from the literature examined 
suggested that there has never before been a study into the effects of nicotine and 
smoking on late night and overnight performance.
We began this trial with the concept that there might differences in performance 
between smokers (allowed to smoke as normal) and non-smokers. Smoking and 
non-smoking subjects were placed in a situation where they had to remain awake 
either late into the night or overnight having completed a normal day’s work.
The smokers were allowed to smoke freely. Two experiments were conducted. In 
the first, subjects had to stay awake until 02:00 in the morning, then were 
allowed to sleep for around 5.5 hours before being tested again. In the second 
experiment, subjects were kept awake all night. There were limited results of 
significance. Results from experiment one showed that the performance of the 
non-smokers was superior to that of the smokers until midnight from the CFF 
data and the pooled STM data, and also in the morning after the sleep from 
results from the MRT task. On the overnight study, the performance of the 
smokers was superior to that of the non-smokers on the MRT aspect of choice 
reaction time, and the performance of the non-smokers was superior to that of 
the smokers at baseline on the CFF task.
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There is much debate on whether smoking actually improves performance or 
whether a cigarette merely maintains a level of performance within an habitual 
smoker. Each cigarette smoked eliminates the withdrawal effect that has begun 
to occur since the last cigarette.
This research is interesting, not simply because of the findings, but also due to 
the fact that this research was the first time that the CRT and CFF tasks in 
employ at the HPRU had been used to measure overnight performance of any 
description. The use of psychometrics in order to detect changes in circadian 
rhythm was a novel one in terms of the general use of these psychometrics. 
Unfortunately, none of the psychometrics used were able to detect increasing 
impairment to performance as a result of fatigue. The LARS rating scale showed 
significant (comparable between the two groups) sedation, which was not 
reflected by the objective measures.
7.4 Chapter Four: The Effects of Caffeine on Novel Testing Situations
This experiment was conducted in part to examine the effects of caffeine. Low 
and high caffeine tea and coffee were administered to subjects and their 
performance monitored following the consumption of these compounds and 
compared with water. The relevance of this experiment to my thesis is partly to 
examine the detectable effects to performance following the ingestion of these 
beverages, but equally lies in the methods of testing that were employed during 
this study. Performance was measured at four different baselines throughout the 
day (one prior to the ingestion of each drink), and the effects of the beverages 
was examined at 10 minute intervals for 30 minutes post ingestion, following 
which testing occurred every 30 minutes. Each subject had four drinks of the 
same beverage on each visit to the test centre. Each time they visited, they were 
allocated a different experimental drink.
The results were largely non-significant. The TRT measure of reaction time was 
significantly decreased at two test points compared to baseline measures, 
possibly an effect of the high baseline score under the placebo condition. MRT 
results were similar to those from the TRT measure, with response latencies 
decreasing over the testing period, particularly under the placebo condition. The 
RRT measure showed no results of significance. The CFF task detected a
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significant effect of time, (this was possibly due to the improvement in 
performance under all drug conditions the morning before release from the study 
centre). Performance on the CFF was also significantly impaired under the high 
tea and high coffee conditions when compared with the low tea condition, 
however as this was prior to the ingestion of any beverage being administered, it 
cannot be explained as a study drug effect. The results of most interest from this 
study are explained in detail in chapter four, and are unfortunately non­
significant. There was a trend for the subjects to improve in performance ability 
in anticipation of the beverage that they were about to receive. This effect was 
noted for all drug conditions (see the discussion in section 4.1.9).
The main finding of this study is that, rather than exhibiting that caffeine has a 
dramatic effect on the performance of the test population, the performance of the 
subjects following the intake of caffeinated beverages did not decline throughout 
the day. They were kept around a constant level of alertness, perhaps maintained 
by the ingestion of caffeine.
Previous research into caffeine withdrawal would suggest that symptoms 
develop 12-24 hours following the beginning of a period of abstinence (Nehlig et 
al, 1992). The subjects in this study should then have been starting to display 
abstinence effects on arrival at the study centre. This study however, not only 
showed no effects of the reversal of withdrawal, but no positive effects of 
caffeine. Performance improved under the placebo condition for MRT and TRT 
largely as a result of the high baseline result produced by this group.
Frewer and Lader (1991) found that although there was a significant 
improvement in performance following a 250 mg dose of caffeine, a 500 mg 
dose produced results comparable to those following administration of the 
placebo, thus supporting the inverted “U” phenomenon (this effect has also been 
reported by Jacobson and Edgley, 1987 and Hasenfratz and Battig, 1994). The 
study reported in this thesis, showed no notable effect of the low doses of 
caffeine improving performance and high doses of caffeine having no effect on 
performance as might have been expected from previous research. This however, 
is possibly a result of the fact that the highest dose of caffeine that we 
administered was 150 mg (100 mg lower than the low dose used by Frewer and
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Lader, 1991). This could explain the relative lack of significant results following 
the administration of any of these beverages.
7.5 Chapter Five: Partial Evaluation of the Hick’s Reaction Time Task
This chapter presented a rationale for developing a new reaction time test, based 
on the theories of Hick, Hyman and Merkel. Discussion was made about why the 
new test should be developed and what information we hoped to gain from this 
task. The new test was developed in the hope of a number of findings:
i) That the new test would work according to the theory, of Hick, Merkel 
and Hyman
ii) That by using a task such as this we would be able to detect differences 
in the speed with which subjects react to different levels of information 
load
iii) That different drugs would differentially affect the processing 
mechanisms at the differing information load levels
Three pilot studies were conducted to examine the different ways in which we 
could apply the Hick’s reaction time task and find the best method of conducting 
the task.
7.5.1 Sequential results
When the pilot studies were conducted, the results from the sequential mode of 
the task showed that for the RRT data there was a significant effect of 
information load. Response latency increased with the increase in number of 
stimuli that the subjects had to respond to. The MRT data however showed 
results that were not as reliable. It was therefore suggested that the linear trend 
suggested by Hick, Merkel and Hyman was not evident for this aspect of the 
task.
7.5.2 Random results
The RRT results showed a linear trend, with response latency increasing with the 
increase in information load. The MRT results, however, showed no increase 
with the number of stimuli, and the subsequent effect on TRT was that there was 
a diluted effect of increasing reaction time with increase in information load.
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7.5.3 Random Blocks results
The RRT data showed an increase in response speed for the first four increases 
in the number of stimuli presented. This increase in reaction time did not 
however continue beyond the four stimuli level, suggesting that the random 
blocks sequence of presentations for this task was not ideal for the Hick’s task. 
The MRT surprisingly followed the same general pattern as the RRT for this trial 
and the TRT showed a picture as expected of the two data sets combined.
The lack of significant results from the MRT aspect of the sequential and 
random modes of the task was expected. This was due to there being no 
difference in the distance between the start position and the response buttons for 
any of the stimuli, thus any increase in MRT would have been difficult to 
explain. As a result of these findings, it is suggested that the MRT and TRT data 
are not useful for the Hick’s reaction time task. When combined with RRT to 
produce TRT data, the lack of effect on the motor response latencies may have 
masked any effects that were being displayed by the RRT data, and could 
potentially cause confusion. For the sake of this thesis, the MRT results are 
shown in full, although this would not be the case if the data were being 
published.
It was felt at the end of these pilot studies, that the results from the new task 
followed the findings of Hick, Merkel and Hyman closely enough (on the 
random and sequential trials) to continue with the exercise. We then 
experimented with the measure in some trials using well documented social 
drugs to see whether any differential effects were noted on the levels of 
processing that the task provided.
7.6 Chapter Six: The Effects of Some Psychopharmacological Compounds 
on the Hick’s Reaction Time Test
This chapter examined the effects of tea and coffee on the Hick’s reaction time 
test, the effects of alcohol and the effects of GBE in an elderly population. These 
studies were all conducted separately, in their own entity, and as such are 
reported as three different studies. They have been included in the same chapter, 
as each was looking at the effects of these drugs on the new testing procedure.
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7.6.1 The Effects of Tea and Coffee on the Hick’s Reaction Time Task
In this trial, the effects of different doses of tea and coffee were tested on both 
the ‘random’ version and the ‘random blocks’ version of the Hick’s reaction 
time task.
The RRT data showed that the effects of the increase in number of stimuli 
caused an increase in response latency on both the ‘random’ and ‘random 
blocks’ versions of the task that were documented in chapter five. There was no 
effect of drug on this aspect of the task.
The MRT results from the random mode of this task illustrated a significant 
decrease in response latency following low coffee compared to the placebo 
condition. Responses following low caffeine coffee were significantly faster than 
those responses made following the water (placebo condition). When the task 
was run in random blocks mode, this effect was masked, however the response 
speed for a single stimulus was significantly faster following low coffee and high 
tea than placebo on this presentation of the test.
The MRT results however do not show the effects of increasing response latency 
with the increase in number of stimuli. The results from the TRT aspect of these 
tasks were a diluted effect of both the MRT and RRT results. Response latency 
increased with the number of stimuli, and on the random mode of the task, a 
significant decrease in response latency was noted following low coffee 
compared to placebo. The random trial presented results more in keeping with 
the theory of Hick than the random block mode of the task.
The results that were the greatest surprise following these analyses were that 
there was significant effect of beverage on the MRT aspect of the Hick’s reaction 
time task. This was unexpected due to the fact that when we were conducting the 
original analysis on the CRT data, for the MRT aspect of this task, no drug effect 
was noted during this part of the day. This may be a result of the more intense 
analyses that were conducted for the Hick’s reaction time data. For the CRT data 
in chapter four, the MRT scores for the whole of the day were analysed. In 
chapter six, the data were analysed for a single test point, examining a number of 
factors that were not present in the CRT data.
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Overall, this study, although showing some significant differences between the 
number of stimuli and the caffeine dose and drinks being consumed, did not 
show any conclusive evidence that certain levels of caffeine will differentially 
affect response speeds to different numbers of stimuli. If conclusions such as this 
were to be drawn, they could only be:
1) That the RRT (from the random blocks mode of the test) was affected in a 
positive way following high tea and low coffee (compared to water) for a 
single stimulus
2) For the MRT, the responses following low caffeine coffee were significantly 
faster than those responses made following the water condition (when the 
task was run in random mode)
7.6.2 The Effects o f Four Doses o f Alcohol on the Hick’s Reaction Time 
Task
These data clearly show the significant effects of increasing the number of 
stimuli on response speed, and although there was a significant effect of dose of 
alcohol on reaction time, there was no interaction between the dose of alcohol 
and the complexity of the task. It was notable however, that the response speeds 
were more impaired following the alcohol 75 ml dose than following the alcohol 
100 ml dose.
In this trial, the only version of the Hick’s reaction time task that was performed 
was the random modality of the task.
The RRT data was transformed into low and high alcohol conditions and again 
significant effects of both dose and number of stimuli were revealed. There was 
however, once again, no significant interaction between these factors. This 
suggests that, although the performance of the subjects was being altered not 
only by the increasing number of stimuli and the increasing dose of alcohol, 
there was no differential effect on the information processing ability of the 
subjects. Responses to all levels of stimuli were slowed down in a uniform 
manner. This could suggest that alcohol does not have the capacity to 
differentially affect higher or lower order processing, or alternatively, that the
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test is not sensitive enough to be able to detect changes such as these might have 
been.
For the MRT aspect of this task, there was no significant effect of the number of 
stimuli on response latency detected by the motor aspect of this task (as in the 
pilot studies for the random mode). There was also no significant effect of drug. 
There was however a significant effect of time with response latencies increasing 
as the test day progressed. This was possibly a result of fatigue.
The findings from the alcohol study were re-analysed as slope scores to ensure 
that no effect of alcohol was in existence. The slope scores however, provided no 
more information than has already been shown, therefore this data has been 
omitted from the thesis. It is of relevance to note however that Carter, Krause 
and Harbeson (1986) examined the. effects of using regression slope scores as a 
means of identifying any changes to the effects found from increasing 
information load. For the Hick’s and the Sternberg tasks, they suggest that 
information processing in terms of mental events can be compared to data 
processed by a computer. “To measure the time required for various numbers of 
iterations of a presumed mental process and to calculate the time per iteration” 
(Posner, 1978, Carter et al, 1986). Time per iteration is often expressed as a 
slope score. They suggest that mean scores are more reliable than slope scores, 
and as they are taken from the same data source they are obtainable. This is 
because the plots of the subjects’ response times under the differing independent 
variable conditions may be almost parallel. Thus, the subjects’ slope scores are 
all very similar. Therefore there will be no detectable difference between the 
conditions. Also slope scores are very sensitive to outliers. Findings from five 
experiments suggested that slope scores are less reliable than response times or 
other variables from which the slopes are calculated. They conclude that when 
dealing with data from an experiment whose hypothesis is that slopes are 
affected by some of the treatments (i.e., alcoholism, chemical exposure, 
stressors, ageing), more valid data are obtained from the analysis of reaction 
times than the less reliable slope scores.
179
7.6.3 The Effects of Ginkgo Biloba Extract (GBE) in an Elderly Population
on the Hick’s Reaction Time Task.
This study examined the effects of GBE and placebo in an elderly population. In 
addition to the usual HPRU test battery, the subjects conducted a Hick’s reaction 
time task in both ‘random’ and ‘sequential’ modes.
The findings from the traditional CRT showed that for RRT, MRT and TRT 
there was no effect of drug and no effect of weeks of testing on the data. The 
STM task showed that there were no overall drug or week effect, however in the 
GBE group, response time significantly decreased between the 6th week of 
testing and the final test point (week 8). This could however be an effect of it 
being the final testing visit. As in all studies in this thesis, there was a significant 
effect of setsize, thus the data were in accordance with the theory of Sternberg.
For the ‘sequential’ version of the Hick's reaction time task, there were no results 
of significance for the MRT aspect of the trial. The RRT showed a significant 
increase in response latency as the number of stimuli increased. This result 
however was not noted on every occasion that the task was undertaken, only on 
certain weeks (detailed in section 6.4.8).
For the ‘random’ Hick's trial, the MRT data, showed no effects of increasing 
numbers of stimuli on response speed. There was however an effect of week, 
with the baseline week of the GBE condition producing significantly faster 
responses than any of the other time points on either of the study phases. On the 
random mode of the trial, the RRT data showed some differences between drug 
groups. The response latencies were significantly faster during week two of the 
GBE condition than week two of the placebo phase for levels of choice 1, 2 and 
3. There was a significant effect of the increases in level of information 
processing for every visit of the placebo phase of this trial, however, only on the 
baseline visit and weeks 2 and 7 of the GBE phase of the trial.
The data from week two suggested that there could potentially have been an 
effect of GBE on the speed of processing of the lower levels of choice. However 
as this effect did not continue beyond week two, this claim cannot be 
substantiated.
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7.7 General Discussion and Conclusions
The results from the first chapters showed that there is evidence of a need for the 
training of volunteers, both young and elderly, before embarkation in a clinical 
trial. Data from the nicotine studies showed that the CFF.and traditional CRT 
task are not able to detect any performance impairment from fatigue (late night 
and overnight) nor any differential effects between smokers and non-smokers. 
There were also no comprehensive results of significance from the low doses of 
caffeine administered in chapter four, although the CFF results were interesting.
It was anticipated that using the existing CRT and CFF tasks in late night / 
overnight performance studies and in the intense testing regime of the caffeine 
challenge, results may conclude that the tests were capable of being used in a 
wider capacity than they are currently utilised in, within the field of 
psychopharmacology. This does no appear to be the case from the results 
presented here.
The experiments that used the Hick’s reaction time task (chapter six) were a 
disappointment in that they did not reveal any interactions between the drugs 
examined and the levels of information processing being undertaken. All studies 
in this research illustrated that motor response latency does not increase with 
information load, therefore the question arises; “should MRT be taken into 
consideration when this task is being conducted?” If the intention is to replicate 
the research of Hick within the field of psychopharmacology then the MRT data 
should not be included in results. However, the results from the caffeine study 
showed a decrease in MRT that was not in evidence from the results of the 
traditional CRT task. This result may have been detected by the more intense 
testing procedure and analysis that are consequences of the Hick’s reaction time 
task. The fact that this result was consistent over all six stimuli presentations 
suggests again that there is no differential effect on MRT, but the fact that it was 
detected from this task and not the traditional CRT may illustrate another benefit 
of this task, however it may equally be a type II error.
The RRT data from all of the experiments on the Hick’s reaction time task 
showed a clear increase in response latency with increases in the number of 
stimuli presented. To comply with the theory of Hick, the task should be run in a
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random format, and it was from this mode of the task that the strongest 
relationship between factors was noticed. Data from none of these experiments 
showed an interaction between drug and the speed of response for the different 
levels of choice. This may have been for the following reasons:
i) The compounds examined in this thesis may not have any differential 
effects on levels of processing
ii) The subjects were not actually completing the task according to the 
instructions, but merely extinguishing a light as it was illuminated. 
They may have disregarded the warning / indicator lights completely, 
and just performed the task as though it was a traditional CRT task
The suggestion proposed in (ii) is the least likely, as, if this had been the case, 
there would have been no effect of the number of stimuli on response speed.
Each subject would have responded at the same pace, regardless of the number 
of stimuli that they were watching and prepared to respond to. As a result of this 
I would conclude that the RRT component of this task complies with the 
findings of Hick in that it is able to detect increases in recognition reaction time 
with increases in information load.
In order to be able to justify or exclude this task as a psychometric however, 
further research is clearly needed. The drugs examined in this thesis all have well 
documented effects on the CNS. It may be however, that drugs capable of 
producing more profound effects on performance may be the drugs that will 
result in differential effects on the capacity to process increases in information 
load. The high doses of alcohol reported in chapter six produced significantly 
longer response latencies across each level of information processing tested. 
However it may be that the slope of the responses is more due to the demands of 
the task and thus mask any drug effects (Fitts and Posner, 1967), both in the 
experiments documented in this research and any others that may follow in the 
future.
A study into the effects of different drugs both within the same classification and 
between classifications may provide more insight into the effects produced by 
the Hick’s reaction time task. For example, a group of SSRIs (e.g., sertraline,
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paroxetine, fluoxetine and fluvoxamine) versus some common older generation 
TCAs (i.e., dothiepin and amitriptyline) and / or benzodiazepines (oxazepam, 
lorazepam and diazepam).
This might illustrate differences both within and between drug classifications. 
Sertraline and paroxetine are known to enhance CNS and information processing 
performance, whilst the TCAs and benzodiazepines have been shown to impair 
the performance of psychometric tasks. Thus an experiment of this nature might 
give a definitive indication of the effectiveness of this task as a measure of 
psychomotor performance.
This thesis has shown that the new task produces results that fit with the findings 
of Hick, Merkel, Hyman and Sternberg, in that we are able to detect differences 
in the speed with which subjects respond to different levels of information load. 
We need now to try to establish the efficacy of this task as a psychometric 
measure.
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9 A ppen d ix
9.1 Contents of Appendices
This section of the thesis contains papers that I have written during my PhD 
course. Included are seven papers that were written or co-written by myself 
during the years I spent at the HPRU. The following is a brief discussion of my 
contribution to each paper. The first four were pieces of research that I 
conducted myself as part of my PhD research, and thus, less detail will be gone 
into, as I hope that the level of involvement by myself should be clear. The final 
four publications are discussed'in more detail, as I did not have as complete an 
input into these as on the previous four occasions, and they are not included in 
this thesis.
9.2 Appendix 1A:
Clare Parkin, John S. Kerr and Ian Hindmarch, (1997), The Effects of Practice 
on Choice Reaction Time and Critical Flicker Fusion Threshold. Human 
Psychopharmacology, 12465-70.
This study is detailed in full in chapter two. This was an experiment designed by 
myself with the help and guidance of my then supervisor, Neil Sherwood. I was 
responsible for writing the protocol, recruiting the volunteers, conducting the 
informed consents, designing the CRF, testing the volunteers, collecting and 
analysing the data and writing both the paper and a poster presentation of the 
results at the British Association of Psychopharmacology, University of 
Cambridge, July, 1995.
9.3 Appendix 2A:
C, Parkin, D.B. Fairweather and I, Hindmarch, (1997), The Effects of Cigarette 
Smoking on Late Night Performance. Human Psychopharmacology, 12, 227- 
233.
This study is detailed in full in chapter three. My then supervisor and the sponsor 
company discussed the main aims of the proposal, then the study was passed to
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me. I assisted with the writing of the protocol and the application and obtaining 
of ethics approval. I helped recruit the volunteers, conducted informed consent 
visits, arranged a medical for each subject, and prepared the inclusion / exclusion 
documentation. I produced the CRF’s enrolled the subjects onto the study and 
conducted the experimentation phase. Following this, I collected and analysed 
the data and wrote the paper and made a poster presentation of the results at the 
British Association of Psychopharmacology, University of Cambridge, July,
1996.
9.4 Appendix 3A:
Parkin, C., Fairweather, D.B., Shamsi, Z., Stanley, N., and Hindmarch, I.,
(1998), The Effects of Cigarette Smoking on Overnight Performance, 
Psychopharmacology, 136 (2), 172-178.
This study is detailed in full in chapter three. This was an experiment that was 
conducted in collaboration with the same sponsor company. My colleagues and 
the sponsors discussed the main aims of the proposal, then the study was passed 
to me. I assisted with the writing of the protocol. As a team, we recruited the 
volunteers, conducted informed consent visits, arranged a medical for each, and 
prepared the inclusion / exclusion documentation. We produced the CRF’s 
enrolled them onto the study and conducting the experimentation phase. 
Following this I collected and analysed the data and wrote the paper with the 
assistance of the other authors. These data were presented as a poster at the 
British Association of Psychopharmacology, University of Cambridge, July,
1997 by Ziba Shamsi.
9.5 Appendix 4A:
I Hindmarch, P.T. Quinlan, K.L. Moore, C. Parkin, (19981 The Effects of Black 
Tea and Other Beverages on Aspects of Cognition and Psvchomotor 
Performance, Psychopharmacology, 139, 230-238.
The paper in this appendix was a preliminary study to the one detailed in chapter 
four. Only the study in chapter four is included in this thesis as the data from this 
were available for me to use freely and I conducted the Hick's reaction time test
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in the second study. There were few differences between the two studies. The 
drinks were made according to a different formulation in the second study than 
in the first. Also the testing regime was more intense on the second study and the 
subjects had to stay overnight on the second study. A baseline testing session 
was performed in the morning following awakening to ensure that caffeine levels 
had reached the baseline level of the previous morning on arrival at the test 
centre. The sponsor company designed the protocols with the advice of members 
of staff from the HPRU. These were then submitted for ethics approval. I was 
involved with the volunteer recruitment and the informed consent visits. I also 
assisted with the booking of the medical visits. The CRF’s were designed by 
other members of the HPRU, and the testing of the volunteers was largely 
(although not solely) conducted by myself. The data were collated by myself and 
double entered by the data management team, and analyses were conducted by 
both myself and this team. Once the analysis was completed, the results were 
compared. The paper was written by myself, with a large amount of input and 
guidance from the staff at the HPRU and at the sponsor company. I also 
presented these results as a poster at the British Association of 
Psychopharmacology, University of Cambridge, July, 1997.
9.6 Appendix 5A:
Clare Parkin and Rachael Dawe, (19951. Ginkgo Biloba Extract has no effect on 
Benzodiazepine-Induced Short Term Memory Deficit, Medical Science 
Research, 23, 295-296.
This paper aimed to examine the memory enhancing properties of Ginkgo Biloba 
Extract (GBE). Elderly populations suffer from a variety of psychobehavioural 
deficits with increasing age, one of which is failing memory. The benzodiazepine 
class of anxiolytic hypnotics has shown from much research to display side 
effects which include the impairment of memory.
In both experiments documented here, the subjects were a group of healthy 
young females. It was hypothesised that the memory of these volunteers would 
be impaired using a benzodiazepine (flunitrazepam Img). The GBE was 
administered 5 minutes prior to the flunitrazepam to try to counteract any
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deleterious effects of the flunitrazepam. Results from the first study showed that 
although memory was impaired by flunitrazepam, there was no difference 
between the prior administration of either GBE or placebo. It was therefore 
suggested that the dose of flunitrazepam was too high for the GBE to be able to 
combat it and experiment two using a lower dose (flunitrazepam 0.5 mg two 
hours post the dose of GBE / placebo) was conducted. This second experiment 
again showed that there was no difference in the levels of performance following 
the administration of either GBE / placebo to combat the effects of the 
flunitrazepam. The results showed that on the Sternberg Memory Scanning task 
performance was significantly impaired following the dose of flunitrazepam, 
however, the GBE / placebo had no effect on this impairment at 1 hour post 
dosing with the benzodiazepine. At two hours post dose with the flunitrazepam, 
the GBE group had returned to baseline measures for this task, however the 
placebo group were still showing significant impairment.
The CFF task also showed significant impairment; however, this was in evidence 
both 30 minutes prior to and 1 hour following the administration of the 
flunitrazepam for both the GBE and the placebo control groups. This could 
therefore possibly be a fatigue /  boredom effect. It is worthy of note however, 
that at 1 hour post the dose of flunitrazepam, the performance of the GBE group 
had returned to baseline levels on the CFF task, whilst the performance of the 
placebo group was still showing significant impairment. It was concluded that 
the lack of any evidence of the GBE / placebo showing differences in 
performance could be a result of the test equipment not being sensitive enough to 
detect
This study was one which was conducted before I joined the HPRU. All of the 
experimental work was conducted by the staff and members of the HPRU at that 
time, and Rachael Dawe and I were asked to re-analyse the data and produce the 
paper. My contribution to this paper was to research Ginkgo Biloba Extract and 
flunitrazepam thoroughly, analyse the data and produce the paper. This paper 
was written by both Rachael Dawe and myself.
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9.7 Appendix 6A:
JS Kerr, RA Dawe, C Parkin and I Hindmarch, (1995) Zopiclone in Elderly 
Patients: Efficacy and Safety, Human Psychopharmacology, 10, 221-229.
This paper aimed to examine the residual effects of zopiclone in elderly patients. 
The drug had previously been tested as a hypnotic in both young and elderly 
populations, and found to be a useful tool in the enhancement of sleep in both of 
these groups. It was the aim of this paper to review previous research and collate 
the information in order to give an overview of both the sleep enhancing 
properties of zopiclone and also illustrate any hang-over (residual side) effects 
that the drug may display.
The studies reviewed showed that zopiclone was an efficacious sleep enhance, 
both reducing the time taken to get to sleep (sleep onset latency) and the quality 
and duration of the sleep. In elderly subjects the first dose administered is 3.75 
mg and this dose is increased to 7.5 mg if it is found to be ineffective at this 
level. In doses of less than 7.5 mg, zopiclone showed to have no residual effects 
on performance the morning following a nocturnal dose. In doses of 7.5 mg and 
over however, impairment on psychomotor performance was in evidence the 
following morning.
It was thus concluded that zopiclone in doses of less than 7.5 mg is a safe and 
efficacious drug for administration to elderly populations, which will facilitate 
both the onset and duration of sleep and leave the insomniac patient “hang-over’’ 
free the following morning.
This literature review was one of the first projects I was given at the HPRU, and 
I was heavily involved in researching the area and drawing up a first draft. This 
was then amended and submitted to the publishers.
9.8 Appendix 7A:
RA Dawe, C Parkin, JS Kerr and I Hindmarch, (1995) Effects of a Xanthine 
Derivative. Oxpentifylline, on certain psychological parameters of behaviour and 
performance. Medical Science Research, 23, 335-336.
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This paper was written by Rachael Dawe with input and guidance from myself. 
The data was given to Rachael on her arrival at the HPRU. We re-analysed the 
data, and researched the drug area in order to be able to report the findings 
adequately. The experimental work however was conducted in 1971 by 
researchers then at the HPRU.
This study aimed to discover the effects of oxpentifylline (a xanthine derivative) 
on young healthy volunteers. It was thought that this compound may (in common 
with the GBE) have enhancing properties to CNS function and thereby to 
Psychomotor Performance. With the increasing size of the elderly population, 
any performance enhancers that may combat the natural deleterious effects of 
ageing are of primary interest to researchers involved in elderly populations.
In total, four different experiments were conducted, each looking at 100, 200,
300 or 400 mg of oxpentifylline on a different psychometric measure. Both the 
100 and 200 mg dose of oxpentifylline decreased reaction time (200 mg 
significantly so), at 2 and 4 hours post drug ingestion (suggesting increased 
cortical activity resulting in quicker response times). Critical Flicker Fusion 
thresholds were significantly increased (therefore indicating increased cortical 
activity) at 6 hours post dose. The 400 mg dose of oxpentifylline did not have 
any significant effect on memory tests used or on the cognitive performance task. 
There was a significant effect of oxpentifylline on a brightness discrimination 
task compared to placebo however and cortical arousal was evident following 
the highest dose at 2 hours post ingestion.
It was concluded that this drug may have performance enhancing qualities 
displayed by other nootropics (i.e., GBE) however, I personally feel that further 
research is needed on both compounds before any definitive suggestions are 
made about the enhancing qualities of either.
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